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SECTION 1 

Introduction 

This remedial investigation (RI) work plan was prepared for the St. Louis Ordnance Plant 
(SLOP) former Hanley Area located in St. Louis, Missouri, as part of the Defense 
Environmental Restoration Program (DERP) under Contract Number W912DQ-05-D-0002, 
Delivery Order Number 0007. The purpose of the project is to achieve site closure in 
accordance with the U.S. Army Corps of Engineers (USACE), Kansas City District 
performance objectives as defined by the performance based contract. The U.S. Army 
Environmental Command (USAEC) has been designated to provide management and 
oversight of cleanup activities at active Army and Reserve installations. The site is currently 
owned by the 89th Regional Readiness Command (RRC) Army Reserve Unit headquartered 
in Wichita, Kansas.  

1.1 Objective 
The objective of this comprehensive RI is to investigate and define the nature and extent of 
contamination to characterize the risk, if any, that may be posed to human health and the 
environment at the site. This work plan presents a summary of known site information, 
proposed supplemental field investigation activities for the site, and the approach for 
evaluating site data. The field investigation is intended to fill data gaps associated with the 
potential chemicals of concern (PCOCs) that were identified during previous investigations 
conducted by USACE and others.  

The field investigation will address PCOC data gaps for groundwater and soil. This RI will 
not address the tunnels, sewers, or subgrade structures, because the Army believes that past 
investigations have adequately addressed contaminants within these structures. Data 
associated with demolished buildings (such as asbestos results) also will not be considered 
in the RI. The powder wells (sediment catch basin within the sewer line designed to catch 
gunpowder washed down from buildings), though adequately characterized, will be 
brought forward into the RI for evaluation. 

A vapor intrusion investigation will be performed separately to address a potential 
immediate risk of vapor intrusion in residences north of the site. A preliminary evaluation 
using very conservative assumptions showed that risk could potentially exist for residents 
from vapor intrusion. The vapor intrusion investigation work plan was approved by 
USACE, USAEC, and 89th RRC in November 2007and is under review by the regulatory 
agencies. The results from the vapor intrusion investigation will be included in the RI report 
prepared for the site. 

1.2 Regulatory Framework  
USACE serves as the lead agency for the site. USAEC is the responsible agency for USACE’s 
cleanup activities at this site. Through a U.S. Department of Defense (DoD) State 



REMEDIAL INVESTIGATION WORK PLAN 

1-2 

Memorandum of Agreement, USACE works with the Federal Facilities section of Missouri 
Department of Natural Resources (MDNR) on DERP properties in Missouri. U.S. 
Environmental Protection Agency (USEPA) Region 7 performs regulatory assistance to 
MDNR. Although the SLOP former Hanley Area site is not on the National Priorities List, 
USACE follows the Comprehensive Environmental Response, Compensation, and Liability 
Act (CERCLA) process. 

MDNR will communicate and coordinate reviews with other interested agencies (such as 
USEPA and Missouri Department of Heath and Senior Services, Division of Geology and 
Land Survey). MDNR will review deliverables and issue acceptance letters of Conti 
Environmental Infrastructures, Inc./CH2M HILL documents to USACE, after comments, if 
any, are addressed. 
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SECTION 2 

Background 

2.1 Site Setting 
The site is located on the western boundary of the city limits of St. Louis, Missouri, 
approximately 0.25 mile south of the intersection of Interstate 70 and Goodfellow Boulevard 
(Figure 2-1). The former Hanley Area (Army Reserve Facility ID MO030, 6400 Stratford 
Avenue) is adjacent to the north of the Sverdrup U.S. Army Reserve Center (Facility ID 
MO028), located at 4301 Goodfellow Boulevard in St. Louis, Missouri.  

2.2 Site History 
The SLOP operated from 1941 to 1945 as a small arms ammunition production facility. The 
ordnance plant primarily produced .30- and .50-caliber ammunition. The plant was divided 
into two areas designated as Plant No. 1, located east of Goodfellow Boulevard and Plant 
Area No. 2, located west of Goodfellow Boulevard. Plant Area No. 2 encompassed 27.68 
acres. The former Hanley Area associated with this work plan consists of the 14.68 acres 
located at the northeastern end of former Plant Area No. 2 at the intersection of Stratford 
Avenue and Goodfellow Boulevard (Figure 2-1). The processes at former Plant Area No. 2 
consisted of the blending of primary explosives, incendiary compounds, and the tracer 
charging of .30- and .50-caliber projectiles as part of the assembly of the final product. 

From 1945 trough 1959, some buildings within Plant Area No. 2 were used by the U.S. Army 
Adjutant General’s Office for maintaining service records. Other buildings within Plant 
Area No. 2 were used as classrooms by the DoD Finance Center. 

The former Hanley Area takes its name from Hanley Industries, Inc., which leased the 
14.68 acres in 1959 and conducted operations there through 1979. Over this time, Hanley 
produced unspecified specialty devices for the U.S. military and the National Aeronautics 
and Space Administration. The Goodfellow U.S. Army Reserve Center (now the Sverdrup 
U.S. Army Reserve Center) was established on the remaining 13 acres of Plant Area No. 2. 
Some of the western portions of the 13 acres were subsequently transferred to the U.S. 
Department of Labor and is currently occupied by the Job Corps Training Center.  

Most of the 14.68 acres encompassed by the Hanley Area housed a series of warehouse 
buildings, bunkers, and related buildings. Between 2004 and 2007, buildings and bunkers, 
with the exception of Buildings 219A, 219D, and 219G, were demolished by an 89th RRC 
contractor. The site contains a number of underground rooms (former basements), tunnels 
for service utilities, and a combined underground wastewater and stormwater collection 
system. The underground structures are still intact. 

Additional historic information can be found in the Administrative Record. The repository 
for the Administrative Record is located at the St. Louis Central Public Library, 1301 Olive 
Street, St. Louis. Missouri. 
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2.3 Previous Investigations 
The 89th RRC has conducted several environmental investigations at the SLOP former 
Hanley Area. The results from each investigation were used as the basis for identifying data 
gaps and developing the scope of work for this investigation. The results will be included in 
the RI report to present a comprehensive picture of contaminants at the site. A summary of 
investigative activities are presented chronologically in this section.  

2.3.1 1981 – U.S. Army Toxic and Hazardous Materials Agency  
Battelle Columbus Laboratories investigated the former Hanley Area in 1980 under contract 
to U.S. Army Toxic and Hazardous Materials Agency (USATHAMA). An unknown number 
of sediment and water samples were collected from the sewer system. The focus of the 
investigation was explosives and metal residues on building surfaces and waste handling 
system components. Analysis consisted of explosives and metals.  

2.3.2 1991 – U.S. Army Toxic and Hazardous Materials Agency 
Based on the results of the 1981 investigation, USATHAMA completed an environmental 
study in 1991 that included collecting shallow soil samples and tunnel water samples. The 
shallow soil investigation consisted of the following: 

• Surface (0 to 1 foot below ground surface [bgs]) and shallow soil samples (1 to 2 feet bgs) 
were collected from 16 locations with the exception of two locations (SS 41 and SS 42) 
where auger refusal was encountered on shallow rubble and only surface soil samples 
were collected.  

• Samples from three locations (SS 40, SS 53, and SS 54) were collected topologically 
upgradient from the buildings in the former Hanley Area to evaluate background 
concentrations. These locations were still within the original boundary of SLOP. 

• At one location (SS 55), samples were collected from beneath an inoperable electrical 
transformer and analyzed for polychlorinated biphenyls (PCBs).  

• The remaining samples were analyzed for the USEPA target analyte list (TAL) for 
inorganic constituents (23 metals and cyanide), and nine samples were analyzed for the 
USEPA target compound list (TCL) constituents (volatile organic compounds [VOCs] 
and semivolatile organic compounds [SVOCs]) and explosives. Of these nine samples, 
four were analyzed for toxicity characteristic leaching procedure (TCLP) methods.  

Soil sample locations are presented on Figure 2-2. Analytical results for chemicals detected 
are summarized in Table 2-1. Reporting limits and nondetected chemicals were included in 
the table, when available. 

2.3.3 1998 – HARZA Environmental Services, Inc. 
HARZA Environmental Services, Inc. completed a site investigation on behalf of the 89th 
RRC. The investigation consisted of the following:  

• Surface (0 to 1 foot bgs) and shallow soil samples (1 to 2 feet bgs) were collected from 
12 locations. Only soil samples from nine locations were submitted to the laboratory and 
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analyzed for VOCs, SVOCs, explosives, and metals (NS01, NS04, and NS06 were not 
submitted).  

• Subsurface soil samples were collected from one location (NS14) at 6 to 8 feet bgs and 
16 to 18 feet bgs and analyzed for explosives and metals. 

• Sediment samples were collected from two sewer locations (NS10 and NS17) and two 
powder wells (NS15 and NS16). 

Soil sample locations are depicted on Figure 2-3. Analytical results for chemicals detected 
are summarized in Table 2-2. Reporting limits and nondetected chemicals were included in 
the table, when available. 

2.3.4 2001 – TapanAm Associates, Inc.  
TapanAm Associates, Inc. completed a draft preliminary assessment/site inspection 
(PA/SI) report in 2001 on behalf of the 89th RRC. The objective of the assessment was to 
evaluate the extent of surface soil contamination, the potential for contaminant migration by 
surface routes through underground utility tunnels, and the potential for groundwater 
contamination. Environmental sampling consisted of the following: 

• Forty-two surface soil samples from 0 to 1 foot bgs were collected for explosives and 
TAL metals analyses. Of the 42 samples, three were reportedly collected offsite for 
evaluation of background metals. The offsite location where these samples were 
collected was not available in the information provided, and this data will not be used in 
the RI report. 

• Thirteen surface soil samples (0 to 1 foot bgs) in the northern portion of the site, around 
the Building 219 series, were collected for VOCs analyses. 

• Three subsurface soil samples were collected near sewer line breaks and two near 
powder wells PW12 and PW13 and submitted for VOCs, explosives, and TAL metals 
analyses. 

• Fifteen direct push probes/temporary piezometers were installed to varying depths to 
collect groundwater samples for chemical analysis to use in locating permanent 
monitoring wells and to obtain water level measurements. Three temporary piezometers 
(DP-11, DP-12, and DP-14) did not recharge sufficiently to collect groundwater samples. 
Due to low groundwater recharge rate, some analytes could not be collected at each 
temporary piezometer. Where possible, the temporary piezometers were sampled and 
analyzed for VOCs, explosives, and TAL metals, and selected locations were analyzed 
for total petroleum hydrocarbons (Method OA-2).  

• Five monitoring wells (MW-101 through MW-105) were installed to approximately 
30 feet bgs and sampled for explosives and TAL metals. Four of the monitoring wells 
were sampled for VOCs analyses. Monitoring well MW-101 was installed south 
(upgradient) of the former Hanley Area on property that also was part of the SLOP site 
and is currently owned by the 89th RRC.  

• Other sampling included collecting sediment samples from 17 powder wells, three 
sewer locations, and six tunnel locations and water sampling from two sewer locations. 
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Soil sampling locations are presented on Figure 2-4, and groundwater sampling locations 
are depicted on Figure 2-5. Analytical results for chemicals detected are summarized in 
Table 2-3 for soil and Table 2-4 for groundwater. Reporting limits and nondetected 
chemicals were included in the table, when available. 

2.3.5 2003 – Shaw Environmental 
On behalf of the 89th RRC, Shaw Environmental conducted a limited Phase II 
environmental site assessment (ESA) in 2003 to further assess the offsite upgradient 
contamination found in MW-101 by TapanAm. The investigation consisted of the following: 

• Four direct push soil samples (GP-1 through GP-4) were collected at 12 to 15 feet bgs in 
the vicinity of MW-101 to assess the presence of VOCs in soil. The soil sample locations 
are presented on Figure 2-6. 

• The four direct push borings were converted into temporary monitoring wells and 
groundwater was sampled and analyzed for VOCs.  

Analytical results for chemicals detected are summarized in Table 2-5 for soil and Table 2-6 
for groundwater. Reporting limits and nondetected chemicals were included in the table, 
when available. 

2.3.6 2003 – Pangea  
Panagea conducted a Phase 1 ESA on behalf of the 89th RRC. Only asbestos samples were 
collected from the onsite buildings.  

2.3.7 2004 – SCS Engineers 
SCS Engineers was hired by the 89th RRC to conduct sampling and analyses of sediment 
and building materials for explosive and metals analysis, perform asbestos abatement of 
buildings, and subsequent demolition of buildings at the former Hanley Area. 

2.3.8 2005 – 2007 USACE-Kansas City District  
In 2004, USACE was tasked by USAEC to compile environmental data from the previous 
investigations and fill data gaps. USACE implemented a Phase I RI in late 2004 and 
subsequent supplemental investigations to fill the identified data gaps. The investigations 
are presented by deliverable below. 

2005 Phase I Remedial Investigation  
The Phase I RI included collecting surface and subsurface soil samples and groundwater 
samples. Sampling consisted of the following: 

• Fifteen composite surface soil samples (CSS-001 through CSS-015) were collected from 
depths of 0 to 1 foot bgs in areas of the site where metals in shallow soil previously had 
been identified. Soil samples were analyzed for metals at each location, and nine of the 
samples were analyzed for polynuclear aromatic hydrocarbons (PAHs). 

• Twenty-two surface soil samples were collected from soil borings SB-001 through SB-003 
and SB-005 through SB-023 (borehole for MW-106) in areas of the site where metals in 
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shallow soil were previously identified. Seventeen of the discrete samples were collected 
from 0 to 1 foot bgs at soil boring locations and analyzed for PAHs and metals. Two of 
the 22 surface soil samples were collected from 0.5 to 1 foot bgs for total organic carbon 
(TOC) and soil pH analysis. Two of the 22 locations were collected for PCB analysis from 
the area of the former transformer, located near former Building 228-C.  

• Twenty-two subsurface soil samples were collected from soil borings advanced adjacent 
to powder wells, sewer lines, and foundations. Samples were collected at depths of 3 to 
4 feet bgs at 12 locations and from the depth immediately below the total depth of the 
structures being offset. Samples collected from 3 to 4 feet bgs were analyzed for PAHs 
and metals. Other samples were analyzed for VOCs, metals, and explosives. Two soil 
samples were collected from 11 to 11.5 feet bgs for TOC and pH analysis. Geotechnical 
soil samples were collected from three soil borings and from the soil boring advanced 
for the installation of MW-106. Geotechnical analysis included moisture content and 
sieve analysis for samples. Bulk density analysis was added for the sample from the 
MW-106 location. 

• One monitoring well (MW-106) was installed in the presumed downgradient direction 
from former Building 220 to fill a data gap in a portion of the site where groundwater 
previously had not been investigated. This newly installed well along with the existing 
five wells were sampled for VOCs, metals, and explosives. 

Figure 2-7 presents the sampling locations. Analytical results for chemicals detected are 
summarized in Table 2-7 for soil and Table 2-8 for groundwater. Reporting limits and 
nondetected chemicals were included in the table, when available. 

2006 Supplemental Groundwater Remedial Investigation 
Based on the results reported in the May 2005 Phase I RI technical memorandum, a series of 
groundwater investigations were undertaken in 2005 and 2006. Figure 2-8 presents soil and 
groundwater sampling locations and wells installed over this period. 

Field activities began in December 2005 with the following: 

• Six direct push borings/temporary piezometers (DP-101 through DP-106) were installed 
near Building 220 to assess the origin and extent of the 1,2-dichloroethane (1,2-DCA) in 
groundwater found in MW-106.  

• Two of the temporary piezometers did not produce water, so groundwater samples 
were collected from only DP-101, DP-104, DP-105, and DP-106. 

Based on the December 2005 results, the following activities were implemented in February 
2006 to assess the extent of tetrachloroethene (PCE) contamination identified in DP-104: 

• Eight additional temporary piezometers (DP-107 through DP-114) were installed in 
February 2006 in the same area as DP-104.  

• Groundwater samples were collected from these eight temporary piezometers as well as 
DP-102 and DP-103, which had been dry initially after installation in December 2005.  

• The six existing monitoring wells (MW-101 through MW-106) also were sampled in 
February 2006. 
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Based on the findings from February 2006, the following activities were implemented in 
July 2006: 

• Seventeen direct push borings (DP-115 through DP-131) were advanced and 
groundwater samples collected in July 2006.  

• Samples were analyzed using a field gas chromatography (GC) for VOCs and those 
samples showing nondetect (DP-116 to DP-119, DP-125, and DP-130), one at a low 
concentration (DP-120) and two showing high concentrations (DP-122 and DP-124), 
were submitted to an offsite laboratory for analysis.  

• Sediment samples were collected from the two sewer inlets that drain water from the 
concrete pad north of Building 220. 

Laboratory groundwater analytical results for chemicals detected in the temporary 
piezometers are depicted on Figure 2-9. Laboratory groundwater data for chemicals 
detected is present in Table 2-9, and field GC data are presented in Table 2-10. Reporting 
limits and nondetected chemicals were included in the table, when available. 

2007 Supplemental Groundwater Phase II Remedial Investigation 
Based on the 2006 findings, additional groundwater investigations were undertaken in 2007. 
In January 2007, the following activities were implemented:  

• Five membrane interface probes (MIPs) were advanced to the top of bedrock 
(approximately 30 feet bgs). The MIPs were advanced north and northeast of former 
Building 220 in the area where the previous direct push probes showed high VOC 
concentrations. MIP-N6 was located adjacent to the sewer inlet at the southwest corner 
of the slab, MIP-N7 was adjacent to DP-122, MIP-O7 was located adjacent to DP-104, 
MIP-Q9 was placed adjacent to DP-124, and MIP-P8 was located about halfway between 
MIP-O7 and MIP-Q9.  

• Seven direct push soil borings (SB-023 through SB-029) were advanced adjacent to and 
stepped out from the MIP locations to collect confirmatory soil samples for VOC 
analysis.  

• Seven monitoring wells were installed (MW-107 through MW-113) in the area northeast 
of Building 220 and along Stratford Avenue. 

Based on the January 2007 results, the following activities were implemented in March and 
April 2007: 

• Five additional soil borings were advanced to depths of approximately 25 to 30 feet bgs 
(SB-030 through SB-034), and one additional monitoring well was installed (MW-114). 
The borings were advanced in the area of observed impact northeast of former 
Building 220, and well MW-114 was advanced upgradient of the observed impacted 
area within the footprint of former Building 220. 

• Groundwater samples were collected from the eight newly installed wells (MW-107 
through MW-114) and existing well MW-106 and analyzed for VOCs. Monitoring wells 
installed were completed at the depth at which bedrock was encountered and screened 
with 17 to 20 feet of screen. 
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Figure 2-10 depicts the newly installed monitoring well locations and the chlorinated VOC 
(cVOC) data for the wells in the vicinity of former Building 220. Soil results from soil 
borings are provided in Table 2-11. Groundwater analytical data from monitoring wells for 
chemicals detected is provided in Table 2-12. Reporting limits and nondetected chemicals 
were included in the table, when available. 

2.4 Site Characteristics 
2.4.1 Climate 
The St. Louis area experiences a wide variety of weather conditions caused by the 
alternating passage of warm, moist air masses from the Gulf of Mexico and cold, dry air 
masses from the Arctic. During the summer, hot, moist air dominates, with an average 
temperature of 77 degrees Fahrenheit (°F), and 37 days with highs over 90°F. Winters are 
cold, with an average temperature of 33°F and an average of 18 inches of snowfall a year. 
Winter is the driest part of the year with 6 inches of precipitation; spring is the wettest, with 
an average precipitation of 10.5 inches. The yearly precipitation average for St. Louis is 
33.8 inches (NOAA 2007). 

2.4.2 Topography 
The site is located in northern St. Louis, Missouri, which lies in the dissected till plains 
region of the Central Lowlands Physiographic Province (Miller 1974). Topography of the 
Dissected Till Plains Province is gently sloping, with elevations ranging from 500 to 700 feet 
above mean sea level (amsl). Local slopes are the result of dissection of the plains and the 
general dip of the plain, which is to the northeast. The site consists of a relatively flat terrace, 
which slopes steeply down to Goodfellow Boulevard to the east and Stratford Avenue on 
the north. There is evidence of grading, with high points cut and low areas filled to 
generally level the site. The elevations on the site range from 540 to 561 feet amsl. The 
topography of the site is depicted on Figure 2-11. As illustrated, there is a significant 
elevation change (greater than 15 feet) between the northern portion of the site and 
Stratford Avenue.  

2.4.3 Site Surface Water Hydrology 
The topography of the site is such that surface runoff is to the northeast and east, toward 
Stratford Avenue or Goodfellow Boulevard. Surface water runoff drains to a combined 
storm/sanitary sewer belonging to the St. Louis Metropolitan Sewer District. Water from 
the combined storm/sanitary sewer is treated in a wastewater treatment facility before 
discharging into the Mississippi River.  

2.4.4 Site Geology 
Early Pennsylvanian age rocks of the Marmaton and Cherokee group make up the bedrock 
beneath the site and are thought to be approximately 100 feet thick (USATHAMA 1991). The 
Marmaton and Cherokee group are made up of shale, thin limestone, relatively 
impermeable sandstone, siltstone, and coal. Lying unconformably beneath the 
Pennsylvanian rocks are Mississippian age rocks of the Meramecian and Osagean group. 
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These rocks are made up of medium to massive bedded limestone with shale beds and chert 
layers, with sandstone lenses. 

The St. Louis area has undergone regional stresses, which have resulted in local folds and 
faults. The site is located on the eastern limb of the Dupo anticline, which begins in Illinois, 
south and slightly east of St. Louis, continues through the Forest Park area, and is presumed 
to continue to the Florissant dome, which is 5 miles north of the site (McCracken 1971). The 
St. Louis Fault is located about 2.5 miles east of the site.  

The site soil has been characterized and mapped as Urban Land, upland, with 0 to 5 percent 
slopes (Soil Conservation Service 1979). The Soil Conservation Service report describes this 
classification as surfaces composed of greater than 85 percent manmade, impervious 
materials. Typically, these soils have been extensively reworked and reshaped. Construction 
activities at the site leveled much of the site’s original topography. Land adjacent to the 
Urban Land on this site is characterized as Urban Land-Harvester Complex of 0 to 9 percent 
slopes. This is described as a mix of about 65 percent Urban Land and 35 percent Harvester 
soil. Harvester soils consist of deep, moderately drained soils on uplands. These soils were 
formed in 12 to 40 inches of reworked loess fill material over truncated or buried loess soils. 
These soils have moderately slow permeability (Soil Conservation Service 1979).  

Based on borings advanced at the site, soil thicknesses decrease from south to north. In the 
northern portion of the site, soil consists of some fill and reworked soil at the surface, lean 
silty clay to approximately 20 feet bgs, and clay grading to hard, dry weathered shale at 
approximately 27 feet bgs. The bedrock surface in the northern portion of the site (former 
Building 220 area where cVOC contamination has been identified) is depicted on Figure 
2-12. Recent soil borings advanced as part of the vapor intrusion investigation, around 
homes in the neighborhood immediately north of the site, encountered tight, moist, 
expansive clays. The nature of these clays did not allow for the transmission of gas through 
the soil matrix and prohibited the collection of soil gas samples from this area.  

2.4.5 Regional Hydrogeology 
The site consists of glacial soils over early Pennsylvanian bedrock. The glacial soils consist of 
clayey silt and silty clay over clay, with sand and gravel lenses. Groundwater is 
discontinuous within the soils, with permeability ranging from very low to high in the 
gravels and sands. Pennsylvanian bedrock in this area consists of shale, siltstones, low 
permeability sandstones, coal beds, and thin limestone beds. These units are considered 
relatively impermeable. Yields in these units range from 0 to 10 gallons per minute (gpm) 
and are generally considered poor aquifers (Miller 1974). Mississippian rocks below the 
Pennsylvanian consist of limestone with shale beds. Wells completed in these units 
generally yield 5 to 50 gpm, with higher yields in local sand lenses (Miller 1974).  

2.4.6 Site Hydrogeology and Groundwater Use 
Shallow Groundwater Characteristics 
The uppermost water-bearing zone at the site is within the silty clay fill and natural silty 
clay and clay soil underlying the site. This aquifer is discontinuous, with yields ranging 
from almost no water to relatively quick recharge. Depth to groundwater is approximately 
15 feet bgs in most areas within the site boundary. 
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Groundwater generally flows from the south and west to the northeast. There is a local 
groundwater high west of Building 220 in the northern portion of the site. This high spot 
drains off the site to the north, east, and south, eventually returning to the generally 
northeast flow off the site. Figure 2-13 depicts the potentiometer surface across the site. 

The groundwater gradient in the northern part of the site ranges from 0.063 to 0.033 feet per 
foot. The groundwater gradient in the southern portion of the site ranges from 0.052 to 
0.012 feet per foot. The hydraulic conductivity in the silty clay and clay determined from 
monitoring well purge data is relatively low (10-5 centimeters per second [cm/sec]). 
Additional hydrogeologic information for the shallow groundwater at the site will be 
gathered as part of this RI (refer to Section 3.6). 

Groundwater Use 
There are no public drinking water supply wells within a 4-mile radius of the site; however, 
there are two upgradient private wells located within a 4-mile radius of the site (TapanAm 
2001). These wells are completed in the Ste. Genevieve Limestone aquifer, a Mississippian-
age formation that lies below the Pennsylvanian-age shale at the site, and are therefore not 
hydraulically connected to groundwater in the unconsolidated zone.  

City-supplied drinking water is provided to residents and industries in the area. The city 
draws water from the Mississippi River from intakes upstream of the site. At its closest 
point, the Mississippi River is located approximately 3 miles from the site. 

2.4.7 Population and Land Use 
The site consists of approximately 14 acres formerly used as the SLOP. The site is bordered 
by the Job Corps facility on the west and residential areas to the north, west, and southwest. 
The area to the east was formerly part of the SLOP and is now owned by the General Service 
Administration. The Sverdrup U.S. Army Reserve Center located south of the site is 
currently occupied by the 89th RRC. According to the City of St. Louis Zoning Department 
and Assessor’s Office, the site encompasses 125 acres and includes the Job Corps property to 
the west of the former Hanley Area and Plant No. 2, and the property east of Goodfellow 
Boulevard (Plant No. 1). The entire site, as described by the Zoning Department, is zoned 
industrial, commercial, and residential.  
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SECTION 3 

Remedial Investigation Approach 

In developing the RI approach for the SLOP former Hanley Area for the RI activities, the 
project objectives and the following elements were considered: 

• Current and future land use and site setting to select the appropriate conservative 
screening levels and risk assessment exposure pathways.  

• Preliminary conceptual site model (CSM) to evaluate current conditions pertaining to 
potential threats to human health and/or the environment. 

• Nature and extent of PCOCs. 

• Fate and transport of contamination to provide an overview of the PCOCs in terms of 
physical and chemical properties, source of release, migration pathways, and receptor 
locations and concentrations of PCOCs over time at critical receptor locations. 

• Human health risk assessment (HHRA) and ecological risk assessment (ERA) to 
evaluate potential exposures to chemicals of potential concern (COPCs), conduct an 
exposure assessment and toxicity assessment, complete a risk characterization, and 
assess the uncertainty associated with the data, exposure scenarios, and toxicity values 
used in the HHRA and ERA estimation. Note that this RI HHRA or ERA may determine 
that estimated risks are not above risk thresholds for the COPCs. 

• Site characteristic data to use in remedial action alternative development and 
evaluations. 

3.1 Selection of Risk-Based Screening Levels 
Conservative screening levels for soil and groundwater based on a residential scenario are 
presented in Sections 3.1.1 and 3.1.2 and were used for the following purpose: 

• Historical data were reviewed against these screening levels to identify PCOCs. The 
nature and extent and fate and transport characteristics of these PCOCs were reviewed 
to identify data gaps and facilitate developing the planned field investigation. 

• The historical and supplemental data collected during the planned field investigation 
will be compared against these screening levels to identify PCOCs again as part of the RI 
report. The RI report will present a complete nature and extent and fate and transport 
evaluation of the full data set. This comparison also is the first step in defining COPCs in 
the HHRA as described in Section 3.4. 

A separate screening evaluation will be performed as part of the ERA, as described below. 
Chemicals that are not identified as PCOCs will still be considered during the ERA.  
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3.1.1 Soil 
For soil in the 0- to 10-foot interval, the screening levels will be the lower of (1) the USEPA 
Region 6 medium-specific screening levels (MSSLs) for residential land use and (2) the 
USEPA soil screening levels (SSLs) for protection of migration to groundwater using a 
dilution-attenuation factor (DAF) of 20. A DAF of 20 was selected as appropriate for the site 
based on the clay soil present, which results in a low hydraulic conductivity and slow 
infiltration rate. Other factors influencing the use of DAF 20 as appropriate are the thickness 
of the unsaturated zone (approximately 15 feet) and the size of the contaminant source areas 
(less than 30 acres) (USEPA 1996). Soil greater than 10 feet bgs (to the depth of the site sewer 
lines) will be screened using USEPA Region 6 MSSLs for industrial soil (since only workers 
may contact soil at this depth). Historical data for the site indicates that concentrations in 
excess of screening levels have not been observed at depth from samples collected around 
powder wells and at suspected sewer line breaks.  

MSSLs based on noncarcinogenic effects have been adjusted downward by a factor of 10 to 
account for cumulative effects from multiple noncarcinogens acting on the same target 
organ. Soil background values established during the RI for the adjacent former St. Louis 
Army Ammunition Plant (SLAAP) (95 percent upper threshold limit [URS 2004]) will be 
used in place of the MSSL or SSL as the screening level in those cases where the background 
value is higher. Unsaturated zone soil greater than 10 feet bgs will be screened using the 
USEPA SSLs for protection of migration to groundwater using a DAF of 20. Table 3-1 
presents the screening levels for soil. 

The USEPA Region 6 MSSLs combine USEPA toxicity values with standard (and highly 
conservative) exposure factors to estimate chemical concentrations in environmental media 
that are protective of humans, including sensitive groups, over a lifetime. The exposure 
pathways included in the MSSLs are soil ingestion, dermal contact with soil, and inhalation 
of windblown dust or vapor emissions. The USEPA Region 6 MSSL documentation 
(USEPA 2007a) contains detailed descriptions of the assumptions, methods, and calculations 
for these goals. USEPA developed the Region 6 MSSLs using an excess lifetime cancer risk 
(ELCR) level of 1×10-6 and a noncancer hazard index (HI) of 1. An ELCR of 1×10-6 is an 
upper-bounded estimate of the probability that an individual will have a one in a million 
increased risk of developing cancer in a lifetime as a result of exposure to site-related 
chemicals. Excess means risk in addition to that from other causes (American Cancer Society 
statistics show the probability of risk from other causes [that is, background risk] to be as 
high as one in three).  

3.1.2 Groundwater 
For groundwater, the screening levels will be the lower of (1) the USEPA Region 6 MSSLs 
for tap water (adjusted downward for noncarcinogens by a factor of 10 to account for 
cumulative effects from multiple noncarcinogens acting on the same target organ) and 
(2) the USEPA screening level for protection of indoor air based on a target risk of 1 x 10-6 

(USEPA 2002a). Table 3-2 presents the screening levels for groundwater. These screening 
levels provide a conservative evaluation of the potential risks associated with chemicals in 
groundwater. As noted, shallow groundwater at the site as a potable source of water is 
extremely unlikely based on the City of St. Louis ordinance in place that prohibits the 
installation of private wells.  
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3.1.3 Indoor Air 
Indoor air and ambient air results will be compared to USEPA Region 6 MSSLs for ambient 
air. These screening levels provide a conservative evaluation of the potential risks associated 
with chemicals in indoor air, particularly for trichloroethene (TCE). USEPA is reevaluating 
the toxicology supporting its assessment of cancer risk from exposure to TCE. Pending this 
reevaluation, the cancer potency may be concluded to be lower than the current toxicity 
used to establish the MSSL. According to Bill Pedicino at USEPA Region 7, a range of TCE 
concentrations from 1 to 10 micrograms per cubic meter (μg/m3) currently is used by 
USEPA Region 7 for concentrations at which risk may exist. Mr. Pedicino also stated that 
USEPA Region 7 typically concludes that TCE concentrations at or below 1 μg/m3 do not 
pose an unacceptable risk; therefore, the screening level for TCE has been established at 
1 μg/m3 as a result of a discussion between the Army and MDNR held on April 22, 2008. 

3.2 Conceptual Site Model 
The CSM summarizes what is known or suspected about the sources of contamination, 
release mechanisms, nature and extent of contaminants, contaminant fate and transport, 
exposure pathways, potential receptors, and risk. 

3.2.1 Nature and Extent Summary 
Surface Soil 
Surface soil concentration levels (0 to 2 feet bgs) exceeding screening levels (background 
value, MSSL, or SSL) were detected for the following parameters: aluminum, antimony, 
arsenic, chromium, copper, iron, lead, manganese, selenium, silver, thallium, vanadium, 
Aroclor-1260, the VOC PCE, and the PAHs benzo(a)pyrene, benzo(b)fluoranthene, 
benzo(k)fluoranthene, benzo(a)anthracene, benzo(g,h,i)perylene, chrysene, fluoranthene, 
indeno(1,2,3-cd)pyrene, and pyrene. Figure 3-1 illustrates surface soil sample locations with 
constituents in excess of the screening levels that are potentially attributable to site activities. 
As described below, aluminum, iron, and manganese were determined not to be attributable 
to site activities. Buildings at the site have been removed, with the exception of Buildings 
236, 219A, 219D, and 219G. The locations of contaminants in this section are referenced 
primarily to former buildings.  

Below is a summary of the constituents that exceed screening levels and an explanation of 
their occurrence. 

Aluminum. Aluminum concentrations were generally consistent across the site and varied 
from slightly below the MSSL of 7,700 milligrams per kilogram (mg/kg) to slightly above. 
Aluminum concentrations across the site ranged from a low of 4,192.7 mg/kg in soil sample 
CSS-009 near Building 219E to a high of 13,700 mg/kg in soil sample SS-53, which is a 
background soil sample collected offsite of the former Hanley Area, although within the 
original boundaries of SLOP. Aluminum concentrations exceeded the MSSL in 57 of the 111 
surface soil samples analyzed for aluminum. The concentrations in excess of the MSSL can 
be found across the site. The appearance of elevated aluminum concentrations in soil across 
the site (and offsite) suggests a mechanism other than previous site activities as the 
contributing source. Aluminum was not included as part of the URS Group background 
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study; however, a geochemical survey was undertaken in 1984 to determine typical natural 
concentrations of the chemicals in soils in Missouri (Tidball 1984). The study indicates that 
aluminum concentrations observed at the site could be representative of background 
concentrations (41,000 parts per million [ppm] geometric mean).  

Antimony. Antimony concentrations in excess of the screening level were present in six 
isolated locations: one sample collected within the bunker walls at Building 219B, one from 
a sample collected outside the east bunker wall at Building 219J, one from a sample 
collected outside the south bunker wall at Building 227B, one near Building 227O adjacent to 
powder well 9, one from a sample collected outside the south bunker wall at Building 228B, 
and one from a sample collected outside the north bunker wall at Building 228M. 
Concentrations at three of the six locations are marked with a “J” flag in the laboratory 
report, indicating they represent an estimated concentration. In all but one occurrence, the 
elevated antimony concentration is bounded laterally. In the one case where it is not 
bounded by surrounding samples, it is an estimated concentration co-located with elevated 
lead and arsenic concentrations that will be further investigated.  

Arsenic. Arsenic concentrations in excess of the screening level in surface soil appear 
confined to within the bunker walls surrounding Buildings 219 B, C, E, F, and J but were not 
bound laterally by lower concentrations to the west or immediately to the east, with the 
exception of Building 219J (bounded laterally to the east). Arsenic concentrations in excess 
of the screening level also were observed near the east bunker wall at Building 219C; near 
the north bunker walls at Buildings 227O and 228E; near the south bunker walls at 
Buildings 228A, 228B, and 228C; and surrounding the north, south, and west sides of 
Building 236. Arsenic concentrations near Building 236 and west of Building 227N were 
slightly above the established background value of 13.2 mg/kg (detected at 14 mg/kg and 
13.3 mg/kg, respectively). 

Chromium. Elevated chromium was isolated to one location near Building 227M. The 
concentration was well below the MSSL and only slightly above the SSL. 

Copper. Copper concentrations in excess of the screening level in surface soil appear 
confined to the north and west sides of Building 218A. The elevated copper concentrations 
are bounded laterally to the east and south. 

Iron. Iron concentrations in excess of the MSSL were identified in every surface soil sample 
analyzed for iron, excluding two. Excluding the two concentrations below the MSSL at 
4,600 and 4,900 mg/kg, iron concentrations ranged from 5,800 to 21,855 mg/kg. The typical 
range observed was between 10,000 and 20,000 mg/kg. The appearance of elevated iron 
concentrations in surface soil across the site (and in the background samples collected offsite 
from the former Hanley Area, although within the original boundaries of SLOP) suggests a 
mechanism other than previous site activities as the contributing source. Iron was not 
included as part of the URS Group background study; however, a geochemical survey was 
undertaken in 1984 to determine typical natural concentrations of the chemicals in soils in 
Missouri (Tidball 1984). The study indicates that iron concentrations observed at the site could 
be representative of background concentrations (21,000 ppm geometric mean).  

Lead. The largest area of lead concentrations in excess of the screening level in surface soil 
was located south of Building 228Z along the southern site boundary of the former Hanley 
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Area (Figure 3-1). The elevated lead concentrations are bounded laterally by samples with 
concentrations below the MSSL, except south of the site. The former Hanley Area site 
boundary is located immediately south of the area, and no shallow soil sampling has been 
conducted offsite.  

There were seven additional isolated areas of lead in excess of the MSSL of 400 mg/kg: 

• North of Building 218A, where subsequent composite sampling showed the lead in this 
area was of limited aerial extent  

• Within the confines of the bunker walls at Building 219 F, where subsequent samples 
showed the lead in this area was of limited aerial extent  

• Near Building 220, which has been removed and the soil in the area reworked  

• North of Building 219 G, which was bound by samples to the south and east 

• West of Building 218C, where subsequent samples showed the lead in this area was of 
limited aerial extent 

• East of Building 219J, where subsequent samples showed the lead in this area was of 
limited aerial extent 

• South of Building 228B, where subsequent samples showed the lead in this area was of 
limited aerial extent 

Manganese. Manganese concentrations in excess of the MSSL were identified in every 
surface soil sample collected excluding one. Manganese concentrations ranged from a low of 
406.9 mg/kg to a high of 1,140 mg/kg. The appearance of elevated manganese 
concentrations in soil across the site (and offsite) suggests a mechanism other than previous 
site activities as the contributing source. Manganese was not included as part of the URS 
Group background study; however, a geochemical survey was undertaken in 1984 to 
determine typical natural concentrations of the chemicals in soils in Missouri (Tidball 1984). 
The study indicates that manganese concentrations observed at the site could be 
representative of background concentrations (740 ppm geometric mean).  

Selenium. Selenium concentrations in excess of the screening level in surface soil were 
observed south of Building 220 and downgradient to the northeast of Building 220, where 
subsequent samples showed the selenium concentration was of limited aerial extent. 
Selenium concentrations in excess of the screening level in surface soil were observed south 
of Buildings 228Y and 228Z. The elevated selenium concentrations are bounded laterally by 
samples with concentrations below the screening level near the southern site boundary.  

Silver. Elevated silver was isolated to one location within the bunker walls of Building 219E. 
The concentration was above the adjusted MSSL and above the SSL.  

Thallium. Thallium concentrations in excess of the SSL were located north, east, and west of 
Building 218A, east of Building 218B, east and south of Building 218C, west and northeast of 
Building 220, and within the bunker walls surrounding Buildings 219 C, E, and H. The 
elevated thallium concentrations have not been defined laterally in all locations; however, 
nine of the 12 reported thallium concentrations in the laboratory report were marked with a 
“J” flag, indicating they represent an estimated concentration.  
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Vanadium. Vanadium concentrations in excess of the MSSL were only identified in the 1991 
investigation. During that investigation, the eight surface soil samples for which vanadium 
was analyzed exhibited concentrations in excess of the MSSL. Concentrations ranged from 
44.1 to 51.2 mg/kg, as compared to the MSSL of 39 mg/kg. Though present in every surface 
soil sample for which it was analyzed in subsequent investigations, vanadium was never 
found again in excess of the MSSL. Concentrations from subsequent investigations ranged 
from 13.9 to 32.9 mg/kg. The relatively low concentrations and sitewide distribution 
suggest a mechanism other than previous site activities as the contributing source.  

Aroclor-1260. Samples where Aroclor-1260 was found above the Toxic Substances Control 
Act (TSCA)-defined acceptable level of 1 mg/kg are limited to an area near the southern 
boundary of the former Hanley Area. The contamination is reportedly due to an observed, 
historical release from a transformer in this area. Though the extent of the PCB impact is not 
completely defined laterally, sample data suggest that the vertical extent is limited to 
approximately the upper 2 feet bgs (Figure 3-1).  

Chlorinated Volatile Organic Compounds. PCE was present above the SSL at four locations 
downgradient of Building 220. TCE was present at one surface soil sample location 
downgradient of Building 220. Subsequent samples indicate that elevated PCE and TCE 
concentrations in surface soil are defined laterally downgradient of Building 220.  

Polynuclear Aromatic Hydrocarbons. Several PAHs above the background values established 
during the SLAAP investigation were observed east of Building 220, which has been 
removed and the soil in the area reworked.  

Benzo(b)fluoranthene also was present at concentrations slightly above the SSL of 
500 mg/kg at two additional locations. Elevated concentrations were observed north of 
Building 219G, which are bounded by samples to the south and east. Elevated 
concentrations were observed north of Building 219E, which are bounded by samples to the 
north and south. The highest concentration observed, with the exception of the soil that was 
removed near Building 220, is 818.6 mg/kg.  

Subsurface Soil 
Subsurface soil contamination (greater than 2 feet bgs) is limited primarily to cVOCs—PCE, 
its biodegradation daughter products, 1,2-DCA, and carbon tetrachloride, in the area of 
former Building 220; however, aluminum, iron, and manganese were present in subsurface 
soil at concentrations in excess of the screening levels (background value, MSSL, or SSL). 
Refer to Table 3-1 for screening levels. Figure 3-1 illustrates surface soil sample locations 
with constituents in excess of the screening levels that are attributable to site activities.  

Aluminum and iron were found in excess of the MSSL at every subsurface location where 
they were analyzed. Concentrations were similar to those observed in the surface soil 
samples, which are comparable to concentrations typical of natural concentrations of the 
chemicals in soils in Missouri (Tidball 1984). The widespread presence and consistent 
concentrations suggest a mechanism other than previous site activities as the contributing 
source. Though manganese was present at concentrations in excess of the MSSL in only two of 
the five subsurface soil samples in which it was analyzed, the comparable concentrations to 
those found in surface soil samples suggest that previous site activities are not likely a 
contributing source. 
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Chlorinated Volatile Organic Compounds. Samples with elevated cVOC results are 
concentrated in the area of the sewer inlets located on the west and east sides of the concrete 
loading slab at the northeast corner of former Building 220. cVOC concentrations in this area 
increase with depth, exceeding 1,000 micrograms per kilogram (µg/kg) (1 mg/kg) at a 
depth of 8 to 10 feet bgs. This suggests that the PCE was dumped into the sewer inlet and 
released through leaks in the piping. As illustrated on Figures 3-2 and 3-3, a cross section 
depicting the PCE contaminant profile, the highest cVOC concentrations were found near 
the soil/bedrock interface. Carbon tetrachloride was present in one boring (SB-23) in excess 
of the screening level at a depth of 10 to 11 feet bgs. 1,2-DCA was present in one boring (SB-
30) in excess of the screening level at a depth of 21 to 22 feet bgs. 

Groundwater 
Groundwater contamination consists of the following 10 cVOCs that were found at 
concentrations in excess of their respective screening levels (USEPA screening level for 
indoor air vapor intrusion or MSSL): PCE, TCE, 1,1,1,2-tetrachloroethane, 
1,1,2,2-tetrachloroethane, 1,2-DCA, cis-1,2-dichlorothene (cis-1,2-DCE) (one location), 
trans-1,2-DCE, vinyl chloride, chloroform, and carbon tetrachloride. The chloroform and 
carbon tetrachloride concentration results are estimated concentrations, as indicated with a 
“J” flag, and are bounded by surrounding samples. Laboratory analytical data for 
groundwater are presented in Tables 2-4, 2-6, 2-8, 2-9, and 2-12.  

Elevated benzene concentrations were detected at levels above the MSSL in offsite 
monitoring well MW-101, however the concentration is estimated.  

Several metals were detected above their respective screening levels in groundwater 
samples collected from direct push probes/ temporary piezometers during early 
investigations at the site. Direct push probes/temporary piezometers are not typically 
developed or purged prior to sampling. The higher concentrations of metals in groundwater 
samples collected from direct push probes/temporary piezometers are likely due to the 
higher concentrations of suspended solids in the samples and are therefore not discussed 
here. The metals detected above screening levels in permanent monitoring wells include 
aluminum found in MW-104 and MW-106; arsenic and iron found in MW-101 through 
MW-103; lead found in MW-106; manganese found in MW-101 through MW-104 and 
MW-106; thallium found in MW-101, MW-103, and MW-106; cadmium found in MW-104; 
and vanadium and chromium found in MW-104 and MW-106. Concentrations of these 
metals only slightly exceeded their respective screening levels other than aluminum, iron 
and manganese, which do not appear to be related to onsite activities (refer to surface soil 
discussion in this section).  

Chlorinated Volatile Organic Compounds. There are two distinct dissolved-phase contaminant 
plumes. One plume consists of PCE and daughter products TCE and cis-1,2-DCE, 
originating at the western sewer inlet near former Building 220 (Figure 3-4). PCE and 
daughter products TCE, cis-1,2-DCE, trans-1,2-DCE, and vinyl chloride also were observed 
offsite (MW-101 and GP-4), and TCE was observed at one location south of Building 219G 
(MW-104, estimated concentration). The other plume is a 1,2-DCA plume found in areas of 
the site and offsite where no PCE and associated degradation products have been detected 
(Figure 3-4). The source of the 1,2-DCA plume is unknown at this time. Approximately 
one-half of the areas of the two plumes overlap and are commingled. 
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The plumes are relatively small with the approximate longest dimension at 250 feet 
(southwest to northeast). The even smaller “core areas” of the plumes are located near 
MW-111, where PCE concentrations were highest, and near MW-110, where 1,2-DCA 
concentrations were highest (Figure 3-4). 

The downgradient leading edges of the plumes to the north, northeast, and east have been 
defined with permanent monitoring wells or temporary piezometers (Figures 2-9 and 2-10), 
which had the following concentrations:  

• To the north, groundwater samples from MW-109 contained TCE at a concentration 
above the screening level at 5.8 micrograms per liter (µg/L) (MSSL of 0.028 µg/L). PCE 
concentrations in this well were 3.9 µg/L, above the MSSL of 0.1 µg/L.  

• To the northeast, groundwater samples from MW-108 contained TCE and cis-1,2-DCE at 
concentrations above the MSSL at 18 µg/L and 10 µg/L, respectively. PCE 
concentrations in this well were below detectable levels. A groundwater sample from 
temporary piezometer DP-116 located approximately 60 feet further to the northeast had 
no detectable levels of TCE. Three grab groundwater samples were collected as part of 
the vapor intrusion investigation activities, approximately 30 feet northeast of Stratford 
Avenue at 6321 and 6317 Stratford Avenue and 4701 Goodfellow Boulevard. The data 
indicated no cVOCs at concentrations above detectable levels. 

• To the east, groundwater samples from MW-107 contained a 1,2-DCA concentration 
above the MSSL of 0.12 µg/L. The constituent 1,2-DCA was present above the MSSL at a 
concentration of 3 µg/L; however, the reported concentration was marked with a “J” 
flag, indicating an estimated concentration. Neither PCE nor TCE were present at this 
location above detectable levels.  

The upgradient edge of the PCE and TCE plumes are defined, but the upgradient edge of 
the 1,2-DCA plume currently is not defined. Groundwater samples collected from 
monitoring well MW-114 exhibited concentrations of 1,2-DCA above the MSSL. PCE and 
TCE concentrations were not present in concentrations above detectable levels in 
groundwater from monitoring well MW-114. The reported 1,2-DCA concentration was 
marked with a “J” flag, indicating an estimated concentration.  

Nonaqueous Phase Liquid 
To date, nonaqueous phase liquid (NAPL) has not been observed in the groundwater wells. 
However, the PCE concentration found in soil at soil boring SB-23 (3,200,000 µg/kg) at 25 to 
26 feet bgs could indicate the potential presence of dense nonaqueous phase liquid 
(DNAPL) sitting above the competent shale bedrock surface. 

3.2.2 Fate and Transport Summary 
Based on the nature and extent of contaminants presented above, this section provides an 
assessment of the fate and transport of metals (focusing on arsenic), cVOCs, and NAPL 
within contaminated media. NAPL also is discussed as a potential continuing source of 
cVOCs to groundwater. In addition, an overview of sources, migration pathways, and 
environmental fate is provided. Properties of arsenic, cVOCs, and potentially NAPL that 
occur at the site were evaluated along with environmental factors in an effort to understand 
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and predict chemical fate and transport. The relevant properties of the contaminants include 
molecular weight, water solubility, specific gravity, Henry’s Law constant, partitioning 
coefficients, and the biodegradation half-life. These properties are described in Table 3-3. 
The fate and transport of Aroclor-1260 and PAHs in surface soil is not discussed, since both 
appear to be confined to very limited areas. 

Metals  
Sources. Arsenic was found in surface soil around the Building 219 bunker series. 
Buildings 219E and 219F housed Hanley Industries lead azide reactor, and Buildings 219B, 
219C, and 219J were used for open air drying of explosives. During initial operations 
between 1941 and 1945, blended pyrotechnic chemicals were transferred to the Building 228 
bunker series for final drying operations. Upon completion of the drying, the finished 
primers were moved to the Building 227 series for temporary storage. It is unclear why 
arsenic concentrations are elevated above background levels in these areas. The former 
activities at these buildings do not typically use arsenic. Lead azide is an explosive used in 
detonation devices, and most explosives do not contain arsenic, though it is added to 
pyrotechnics for white illumination and potentially could have been added to tracer 
charges.  

Migration Pathways. The potential migration pathways for arsenic in soil at the site are: 

• Transportation of soil by erosion - surface water runoff and wind 
• Leaching of soil constituents to groundwater 

Migration of Arsenic via Soil Erosion. High intensity and/or duration of precipitation can 
cause erosion and surface water runoff. Chemicals that are bound to soil may be transported 
via overland flow, possibly affecting downgradient areas. Chemicals that are bound to soil 
also may be transported and dispersed by wind.  

Leaching of Arsenic from Soil. The soluble form of arsenic in oxidizing environments is 
usually arsenate (As+5). The transport of arsenic in water depends on the oxidation state of 
the arsenic and on interactions with other materials present. Organic matter, divalent 
metals, and dissolved sulfide enhance the reduction of the arsenic valence state to a more 
mobile form. Once in the mobile form, arsenic may ultimately leach to groundwater. 
Arsenic has limited mobility in aerobic groundwater, such as is found at the site. It can be 
mobile in strongly reducing conditions found in anaerobic groundwater. Arsenic at 
concentrations above the screening level has been found in two wells onsite (MW-102 and 
MW-103), neither of which is located in the areas exhibiting elevated arsenic concentrations 
in soil.  

Chlorinated Volatile Organic Compounds 
Sources. Releases of chlorinated solvents to soil and groundwater are likely related to 
laboratory and maintenance shop activities conducted at Building 220. There is no historical 
record of a single large spill, but sporadic discharge of small quantities of spent product is 
assumed to have occurred. The likely release points for cVOCs appear to be the sewer inlets 
located on the west and east sides of the concrete loading slab at the northeast corner of 
former Building 220, based on the presence of PCE and the daughter products TCE and 
cis-1,2-DCE. Sediment samples collected from these manhole locations contained PCE at low 
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concentrations. The highest concentration of PCE identified in sediment was 71 µg/kg 
(USACE 2007). Carbon tetrachloride also was found in excess of the soil screening level in 
SB-023 at one depth (11 feet bgs). Carbon tetrachloride was found at 200 μg/kg, which was 
above the SSL of 70 μg/kg but below the USEPA Region 6 MSSL of 240 μg/kg. 1,2-DCA was 
observed at one soil boring location (SB-30) at a depth of 21 to 22 feet bgs. The elevated 
1,2-DCA concentration observed at SB-30 corresponds with the highest groundwater 
concentration observed at the same location (MW-110). Other cVOCs were below detectable 
levels. Carbon tetrachloride also was found in excess of the groundwater screening level at 
three direct push groundwater sample locations (DP-104, DP-107, and DP-122) and at one 
monitoring well location (MW-111), which corresponds with the contamination observed in 
soil. The carbon tetrachloride concentrations are estimated.  

Migration Pathways. The potential migration pathways for the cVOCs at the site are: 

• Leaching of soil constituents to groundwater by infiltrating rainfall and stormwater 
runoff or continuous contact with groundwater; possible dissolution of DNAPL 

• Migration of groundwater constituents via advection and diffusion/dispersion 

• Volatilization of soil and groundwater constituents to ambient or indoor air 

Leaching of cVOCs from Soil and Dissolution of DNAPL. Leaching of cVOCs from soil to 
groundwater is of concern when significant mass flux (that is, the mass of a contaminant 
passing a specified location in a specified time) is possible, particularly when the rate could 
result in increased concentrations of VOCs in groundwater. However, most of the cVOC 
mass in soil is found in the saturated zone, so continued leaching from soil is not a 
significant pathway. If present, the dissolution of DNAPL in the source area would serve as 
a continuing source of dissolved-phase cVOCs in groundwater over the long term.  

Migration and Degradation of cVOCs in Groundwater. The subsurface soil impact from PCE 
and its biodegradation daughter products appears to be associated with the migration of 
these constituents in groundwater as a dissolved phase. The subsurface soil contamination 
at depth within the saturated zone extends to at least SB-031 located along the centerline of 
Stratford Avenue and likely beyond, conforming to the area of groundwater impact.  

Overburden soil beneath the site consists primarily of silty lean clay of relatively low 
permeability (10-5 cm/sec) and contaminant migration occurs slowly. The clay soil column, 
which extends to roughly 25 to 30 feet bgs, is underlain by weathered shale, described as 
hard and dry. Competent shale present beneath the weathered shale would preclude the 
potential for vertical contaminant migration. 

The hydraulic gradient between the elevated part of the former Hanley Area and the area 
around Stratford Avenue enables contaminant migration through the fine-grained 
formation. The primary direction of groundwater flow and associated dissolved 
contaminant transport is to the northeast. This natural hydraulic gradient may be enhanced 
via the concentrated infiltration of water from leaks within the stormwater collection system 
associated with the concrete loading slab at the northeast corner of former Building 220.  

PCE, TCE, cis-1,2-DCE, vinyl chloride, and 1,2-DCA were found in groundwater at the 
former Hanley Area. The anaerobic reductive dechlorination of PCE results in the sequential 
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formation of TCE, cis-1,2-DCE, vinyl chloride, ethane, and ethene. The biodegradation of 
PCE into its daughter products indicates that dechlorination activities are ongoing at least in 
the source area where anaerobic conditions may exist. Historical data indicate that aerobic 
conditions exist throughout most of the former Building 220 area, and little biodegradation 
appears to be occurring outside the source areas. 

Based on groundwater results from wells installed along the north side of Stratford Avenue, 
dissolved-phase cVOCs in groundwater extends offsite to the north and northeast beyond 
the north side of Stratford Avenue. Results from temporary piezometers located 
approximately 60 feet north of the wells indicate no presence of cVOCs. Though 
groundwater is shallow (as little as 5 feet bgs) within the residential neighborhood north of 
Stratford Avenue, there are no surface water bodies located in this area that could serve as a 
discharge point for groundwater.  

Volatilization of cVOCs to Ambient or Indoor Air. Volatilization of cVOCs to ambient or indoor 
air (current or potential future buildings placed over the soil contamination) is of concern 
for elevated soil and groundwater cVOC concentrations. The relatively high Henry’s Law 
constants of the PCOCs indicate that cVOCs will volatilize rapidly from surficial soils. 
Higher soil temperatures in the upper few feet of soil occur during the summer and can lead 
to increased volatilization. Losses from subsurface soils can be significant and depend on 
organic carbon content, soil porosity, soil temperature, and barometric changes. In general, 
volatilization from groundwater does not result in significant loss of plume contaminant 
mass for most plumes. Volatilization can occur from the upper few feet of the saturated 
zone and can be accentuated in slowly moving plumes where there are wide fluctuations in 
the water table.  

Dense Nonaqueous Phase Liquid 
Sources. The source for potential DNAPL in the area of former Building 220 is the same as 
stated for cVOCs, which is sporadic discharge of small quantities of spent chlorinated 
solvents to the sewer inlets related to laboratory and maintenance shop activities conducted 
at Building 220.  

Migration Pathways. Chlorinated solvent DNAPLs initially migrate rapidly in the subsurface 
since they are denser and less viscous than water; however, these rapid rates of initial 
movement typically mean that chlorinated solvent DNAPLs are no longer moving within 
2 or 3 years of introduction to the subsurface (Environment Agency 2003). Lateral migration 
of DNAPL would follow the slope of the competent bedrock surface, which slopes to the 
north-northeast in the area of suspected DNAPL (Figure 2-12). DNAPL typically becomes 
“residualized” in the soil pores, and further lateral migration of DNAPL is not expected as 
long as the hydrodynamic conditions remain similar to current conditions. Vertical 
migration of DNAPL would be impeded if not halted by the underlying competent shale. 



REMEDIAL INVESTIGATION WORK PLAN 

3-12 

3.3 Field Investigation Approach 
Based on the nature and extent and potential fate and transport of the chemicals identified 
in previous investigations, there are contaminant-specific areas that will be investigated 
further as part of this RI. This fieldwork is intended to provide the data to achieve the 
following objectives: 

• Characterize the nature and extent of arsenic contamination in surface soil in the areas of 
former Buildings 219B, 219C, 219E, and 219F. 

• Characterize the nature and extent of lead contamination in surface soil along the south 
property boundary in the areas of former Buildings 228B, 228G, and 228Z and near 
Building 220. 

• Assess the disposal characteristics of arsenic and lead contamination in surface soil in 
the areas of former Buildings 219B, 219C, 219E, and 219F and disposal characteristics of 
lead contamination in surface soil in the areas of former Buildings 228G and 228Z.  

• Characterize the nature and extent of soil and groundwater contamination in the area of 
and downgradient from former Building 220 where a cVOC plume has been identified. 
The focus of the characterization will be in the lateral dimension; however, one 
telescoping deep well is proposed to assess the integrity of the underlying shale bedrock 
to confirm that vertical migration of contaminants is not occurring in the bedrock. 

• Determine the presence and if present assess the extent of DNAPL in the source area near 
former Building 220. 

• Characterize the potential for vapor intrusion to pose a risk to current buildings onsite 
from cVOCs in subsurface soil and groundwater in the area of former Building 220.  

• Characterize the potential for vapor intrusion to pose a risk to offsite residences located 
immediately north of the site from the migration of cVOCs in the subsurface. 

• Obtain site data for use in remedial alternative development and evaluation. 

Achieving these objectives is in part contingent on access to the neighboring residential 
properties to the north and east of the SLOP former Hanley Area site and the Job Corps 
property to the west. USACE has the lead role in obtaining access to the affected offsite 
properties. USACE has been granted access by the property owners to the eight potentially 
affected offsite properties northeast of the SLOP property. Access to the Job Corps property, 
owned by another federal agency, will be obtained. 

A brief discussion of site contaminants that are not included as part of this investigation and 
the rationale for exclusion are provided below: 

• Though the extent of the Aroclor-1260 impact is not completely defined laterally, sample 
data indicate that the vertical extent is limited. Based on this and the identified localized 
source, no further investigation is warranted as part of this RI field effort.  

• Thallium concentrations in excess of the MSSL identified at several isolated locations 
across the site are low (the concentrations reported are estimates for nine of the 
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12 samples) and isolated anomalies; therefore, no additional investigation is warranted 
with regard to thallium concentrations in surface soil. 

Field activities associated with implementing this RI are discussed in Section 3.6. 

3.4 Human Health Risk Assessment Approach  
The scope of the HHRA is to evaluate potential current and future risks associated with 
detected constituents at the site in accordance with USEPA guidance for conducting 
HHRAs. The overall approach for the HHRA will follow USEPA Risk Assessment Guidance 
for Superfund, Part A (USEPA 1989). In general, this is a four-step process, as follows: 

1. Identify existing site analytical data for detected constituents in environmental media, 
prepare a preliminary conceptual exposure model (CEM) to verify applicable screening 
levels previously identified in this document, and compare analytical data to screening 
levels to identify COPCs 

2. Identify potential current and future realistic exposure points, receptors, exposure 
scenarios, and exposure point concentrations (EPCs) and quantify potential chemical 
intakes 

3. Identify conservative USEPA-approved toxicity values for COPCs 

4. Estimate potential cancer and noncancer risks associated with site-related exposures to 
COPCs, including an uncertainty analysis, and prepare an HHRA report 

3.4.1 Data Evaluation 
Analytical data collected as part of this RI will be included in the HHRA; analytical data for 
historical samples collected onsite from 1991 to 2007 will be considered for inclusion in the 
HHRA. Data will be available from surface soil, subsurface soil, indoor air, and 
groundwater samples. Data evaluation will be performed on the above data to determine 
the data quality and usability for the HHRA. The purpose of the data evaluation is to 
evaluate potential uncertainties in the dataset based on the quality or quantity of analytical 
data. The following will be considered in the data evaluation: 

• Verify that method detection limits are sufficiently low to detect concentrations that are 
of interest in the HHRA 

• Evaluate the media, sample locations, and sample depths from which data were 
collected versus potential reasonable maximum exposure (RME) pathways 

Data that are concluded to be valid and within the potential exposure domain for a receptor 
(such as appropriate soil depth) will be used in the HHRA.  

A preliminary human health CEM was prepared to qualitatively identify the types of 
potential exposures to COPCs that may be occurring onsite and offsite under current and 
future conditions. The CEM depicts potential onsite release points, potentially affected 
environmental media, the types of chemical fate and transport mechanisms that might occur 
at the site, the potentially exposed receptor types, potential exposure points (and depths), 
and potential intake routes. The CEM was based on existing site characterization data and 
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RME current and future land use to identify potential exposure pathways and appropriate 
screening levels for selecting COPCs. The preliminary CEM is presented on Figure 3-5. 

The purpose of identifying COPCs is to focus the HHRA on those chemicals and affected 
media that may provide significant contributions to potential overall site risks and are 
potentially associated with site contamination. The COPCs will be identified for soil, 
groundwater, and indoor air by a screening process that compares detected concentrations 
to screening levels. Potential exposures to COPCs will be evaluated in the exposure 
assessment. In selecting COPCs, the maximum detected concentrations in each 
environmental matrix will be compared to the screening levels identified below. 

The first step in selecting COPCs will be to compare maximum detected concentrations with 
human health screening levels. The screening levels that will be used are presented in 
Section 3.1 and are based on the applicable exposure scenarios identified during 
development of the preliminary CEM. It should be noted that background levels will not be 
used to screen COPCs in the HHRA; rather, the appropriate MSSLs will be used in place of 
background levels even when site concentrations are within background levels. 

3.4.2 Exposure Assessment 
The objective of the exposure assessment is to estimate the types of potential current and 
future exposures to COPCs onsite and at areas potentially impacted by the site. The 
exposure assessment will be conducted in three major steps: 

1. Characterize the exposure setting, including the current and future land use and 
potential activities onsite and adjacent to the site 

2. Identify potential exposure pathways for soil, groundwater, and indoor air 

3. Quantify potential intakes 

This information will be used to focus the HHRA on the most significant potential exposure 
pathways at the site. 

Exposure Setting 
Characterizing an exposure setting consists of two parts: (1) identifying the physical 
characteristics of the site as they relate to exposure, and (2) characterizing human 
population on the site (the potentially exposed populations). 

The site is mostly vacant and unused; Buildings 236, 219A, 219D, and 219G remain and are 
used for storage only. Building 219G is occupied during business hours, and the site is 
completely fenced (partially with iron fencing and the remaining with a 6-foot-tall chain-
link fence). Trespassers cannot gain access to the site. Because the site is zoned residential, a 
residential exposure scenario will be evaluated for future site conditions. Residents (adult 
and child), construction workers, and utility workers (involved in sewer line maintenance) 
were identified as potential receptors for future onsite scenarios. It should be noted that 
according to the City of St. Louis Assessor’s Office, the site, listed as 4300 Goodfellow 
Boulevard (which includes the Sverdrup U.S. Army Reserve Center), has three use codes 
that apply to the entire property – residential, commercial, and industrial.  
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The site is bounded by a residential area to the north and Job Corps property (including a 
dormitory) to the west. Groundwater is situated approximately 10 to 15 feet bgs onsite and 
approximately 3 feet bgs in the residential area to the north; the direction of groundwater 
flow is toward the north and northeast. Because the site is adjacent to residential areas and 
the Job Corps dormitory, residents were identified as both current and future offsite 
receptors. If the site is not redeveloped within a few years, the onsite fencing may become 
damaged; due to the location of the site immediately adjacent to the Job Corps dormitory 
and the residential areas, trespassers may gain access to the site at that time. 

To evaluate potential health risks associated with COPCs, realistic potential exposure 
pathways must be identified. An exposure pathway describes the mechanism by which a 
receptor may be exposed to COPCs. An exposure pathway must be complete for exposure 
to occur. A complete exposure pathway has four elements: 

• A source or a release from a source 
• An environmental transport medium 
• An exposure point (receptor location) 
• A route of intake (inhalation, direct contact, or incidental ingestion) 

Exposure Scenarios to be Quantified 
Potential site risks will be quantified for media with potentially complete exposure 
pathways. The potential risks will be evaluated for current onsite indoor industrial workers, 
future onsite residential, construction workers, and utility workers. In addition, potential 
risks will be evaluated for offsite residents and construction workers. 

Soil. Under current industrial site use, onsite indoor industrial workers could be exposed to 
COPCs in soil (0 to 2 feet bgs) through incidental ingestion, inhalation of volatile emissions 
and dust in ambient air, and dermal contact with soil/dust. These potential exposure 
scenarios will be quantified. 

Under future residential uses, onsite residents could be exposed to COPCs in soil that are 
currently situated at 0 to 10 feet bgs but brought to the surface in the future during site 
redevelopment. Potential exposure scenarios to be quantified are incidental ingestion, 
inhalation of volatile emissions and dust in ambient air, and dermal contact with soil/dust.  

Future construction workers may excavate soil (0 to 10 feet bgs) for utility installation, 
maintenance, basement construction, or other purposes, which may bring them into contact 
with COPCs in soil. Construction worker exposures to COPCs in soil will be quantified for 
incidental ingestion, inhalation of volatile emissions and dust in ambient air, and dermal 
contact pathways.  

Additionally, because sewer lines at the site may be present at depths to 20 feet, the risk 
assessment will address a scenario where a utility worker may occasionally dig to a depth of 
approximately 20 feet to repair a sewer line. The exposure time and exposure frequency will 
be based on historical records of sewer line breaks in the area.  

If COPCs are present offsite along the site boundary with the Job Corps property, residents 
at the Job Corps dormitory could contact COPCs in surface soil via incidental ingestion, 
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inhalation of volatile emissions and dust in ambient air, and dermal contact with soil/dust. 
These exposure pathways will be quantified if COPCs are identified in offsite soil. 

As mentioned above, trespassers may gain access to the site in the future if the fence is not 
maintained and the site is not developed. Potential exposures by trespassers, however, will 
not be quantified separately in the HHRA because the soil risk estimates quantified for a 
current industrial worker can be used to conservatively represent the potential soil risk 
estimates for a trespasser since the industrial worker would be exposed at a higher exposure 
frequency and duration than a trespasser. 

Groundwater. Groundwater at the site is not currently used for potable purposes. In 
addition, offsite residents do not use groundwater as a potable water supply. St. Louis City 
Ordinance 66777 prohibits the installation of potable water supply wells, effective 
August 1, 2005. At the request of MDNR, however, site groundwater will be characterized 
as a potential future potable supply during the RI; therefore, risk calculations will be 
provided in the HHRA for potable groundwater use.  

Groundwater onsite is at least 15 feet bgs, and consequently, onsite construction workers 
digging to a depth of 10 feet are not expected to encounter groundwater; therefore, the 
onsite groundwater exposure pathway will not be quantified for construction workers.  

Onsite utility workers may contact groundwater that seeps into deep excavations at 
locations where sewer lines are present; therefore, the onsite groundwater exposure 
pathway (dermal contact and inhalation) will be quantified for utility (sewer) workers. 

Groundwater in the residential area north and northeast of the site is approximately 3 feet 
bgs; therefore, when a construction worker is excavating soil during building activities or 
for utility installation, maintenance, or other purposes, shallow groundwater may seep into 
the excavation, and COPCs could volatilize directly from groundwater into ambient air 
within the excavation. Although unlikely, offsite construction workers may contact COPCs 
in groundwater via dermal contact and inhalation under these conditions; therefore, dermal 
contact with groundwater and inhalation of VOCs in ambient air from groundwater in 
excavations are potentially complete exposure pathways for offsite construction workers 
and will be quantified in the HHRA if COPCs are identified in groundwater offsite. 

Indoor Air. Under current industrial use, onsite workers could be exposed to COPCs in 
indoor air in Building 219G via vapor intrusion from site groundwater. If COPCs are 
identified in groundwater within 100 feet of the building based on exceeding screening 
levels protective of indoor air vapor intrusion, potential indoor air exposures will be 
quantified. 

Under future residential land use, onsite residents could be exposed to COPCs in indoor air 
via vapor intrusion. If COPCs are identified in groundwater based on exceeding screening 
levels protective of indoor air vapor intrusion, potential indoor air exposures will be 
quantified. 

Current offsite residents north and northeast of the site may contact COPCs in indoor air via 
vapor intrusion. If COPCs are identified in indoor air samples, potential indoor air 
exposures will be quantified.  
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Exposure Point Concentrations 
For onsite receptors, measured EPCs will be used to quantify exposures to soil and 
groundwater, while modeled EPCs (based on groundwater data) will be used to quantify 
indoor air exposures. 

Measured EPCs will be used to quantify soil-related exposures for offsite receptors at the 
Job Corps property. 

In the residential area, measured EPCs will be used to quantify potential exposures to 
indoor air at 6317 Stratford Avenue and groundwater; however, modeled EPCs will be used 
to quantify exposures to indoor air at homes adjacent to 6317 Stratford Avenue. 

Upper confidence limit (UCL) concentrations will be calculated and used as EPCs for each 
soil and groundwater data grouping where appropriate. The exact number and location of 
the exposure units cannot be finalized until the complete analytical dataset is received and 
evaluated. After the final analytical data are received, concentrations will be plotted on large 
figures, and a working meeting will be held with USACE and the regulatory team to discuss 
the spatial distribution of site concentrations, discuss hot spots that may be present 
(preliminarily identified as concentrations more than 100 times greater than the risk-based 
screening levels), and determine the final exposure units for the HHRA. A statistical 
evaluation of the data will be conducted to determine its distribution and to estimate 
appropriate summary statistics as described below.  

Soil. It is expected that soil samples will be divided into the following groupings to develop 
EPCs; additional groupings, if any, will be identified during the working meeting 
mentioned above. 

• Samples from the area impacted by PCBs around former Building 228C will be grouped. 
Due to the high PCB concentrations in this area, potential exposures will not be 
quantified; rather, it will be acknowledged that potential risks are unacceptable and 
remedial action is necessary. 

• Samples from the 0- to 2-foot interval from onsite areas except former Building 228C will 
be grouped to evaluate the current industrial worker scenario. 

• Samples from the 0- to 10-foot interval from onsite areas except former Building 228C 
will be grouped to evaluate the potential future residential and construction worker 
scenarios. 

• Surface soil samples collected from areas outside (or immediately along) the site fencing 
adjacent to the Job Corps property will be grouped to evaluate potential current and 
future offsite exposures in this area. 

• Samples from the 0- to 20-foot interval from onsite areas except former Building 228C 
will be grouped to evaluate the potential future utility (sewer) worker scenario.  

The UCL of the mean will be calculated for a data grouping in which five or more samples 
are available. The maximum detected concentration will be used in place of the UCL when 
the calculated UCL is greater than the maximum detected value or where less than five 
samples are available. The most recent USEPA method for calculation of UCLs (that is, 
ProUCL software) will be used to calculate UCLs and determine data distributions (USEPA 
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2007b). USEPA has issued guidance for calculating the UCL of the unknown population 
mean for hazardous waste sites, and ProUCL software was developed to compute an 
appropriate UCL of the unknown population mean (μ1). The recommended value from the 
ProUCL software will be used as the EPC. If lead is identified as a COPC in soil, the 
arithmetic average concentration in the appropriate soil depth interval will be used as the 
EPC in accordance with USEPA guidance. 

Groundwater. Similar to soil, it is expected that groundwater samples will be divided into the 
following groupings to develop EPCs; additional groupings, if any, will be identified during 
the working meeting mentioned above. 

• Onsite groundwater samples except downgradient of former Building 220 will be 
grouped together to evaluate hypothetical future potable use of onsite groundwater by 
residents and future groundwater exposures by utility workers in deep excavations. 
ProUCL software will be used to calculate UCL concentrations. The recommended value 
from the ProUCL software will be used as the EPC.  

• Onsite groundwater within 100 feet of Building 219G (the currently occupied building) 
will be grouped to evaluate potential current indoor air exposures by industrial workers. 
Indoor air concentrations due to vapor intrusion will be estimated using groundwater 
concentrations and the Johnson and Ettinger Model (JEM). The correlation between the 
average indoor air concentrations measured at 6317 Stratford Avenue and the 
groundwater concentrations measured adjacent to this residence will be considered 
when developing the input parameters for the JEM, since the onsite geologic type is 
sufficiently similar to the adjacent offsite area. The specific approach for applying the 
correlation and selection of input parameters for the JEM will be finalized in 
consultation with USEPA and MDNR. ProUCL software will be used to calculate 
groundwater UCLs if five or more samples are available. The recommended value from 
the ProUCL software will be used as the EPC for input in the JEM. 

• The highest cVOC concentrations in groundwater downgradient of former Building 220 
will be grouped to evaluate the potential future residential scenario in future buildings 
constructed above the plume in this area, potable use of groundwater in this area, and 
future groundwater exposures by utility workers in deep excavations in this area. The 
JEM will be used to estimate potential concentrations in indoor air. The correlation 
between the average indoor air concentrations measured at 6317 Stratford Avenue and 
the groundwater concentrations measured adjacent to this residence will be considered 
when developing the input parameters for the JEM, since the onsite geologic type is 
sufficiently similar to the adjacent offsite area. The specific approach for applying the 
correlation and selection of input parameters for the JEM will be finalized in 
consultation with USEPA and MDNR. ProUCL software will be used to calculate 
groundwater UCLs if five or more samples are available. The recommended value from 
the ProUCL software will be used as the EPC. 

• Offsite groundwater samples will be grouped together to calculate the groundwater EPC 
for potential future construction worker exposures. ProUCL software will be used to 
calculate UCLs if five or more samples are available. The recommended value from the 
ProUCL software will be used as the EPC.  
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• Groundwater samples collected near offsite residences along Stratford Avenue and 
Goodfellow Boulevard will be evaluated by residence (that is, each residence will be 
evaluated separately). The correlation between the average indoor air concentrations 
measured at 6317 Stratford Avenue and the groundwater concentrations measured 
adjacent to this residence will be applied to the other residences in the vicinity, since the 
geologic type, depth to groundwater, and building type are sufficiently similar. The 
specific approach for applying the correlation will be finalized in consultation with 
USEPA and MDNR. 

Indoor Air. Indoor air samples collected from the basement of 6317 Stratford Avenue during 
three sampling events in 2008 will be grouped together to calculate the indoor air EPC for 
potential future residential exposures. ProUCL software will be used to calculate UCL 
concentrations. The recommended value from the ProUCL software will be used as the EPC. 

3.4.3 Exposure Factors 
Where available, USEPA default exposure factors will be used to estimate intakes from soil, 
groundwater, and indoor air exposures. When default values are unavailable, best 
professional judgment will be used. Table 3-4 presents the exposure factors to be used in the 
HHRA, including the sources for the values. 

3.4.4 Lead Exposures 
If lead is identified as a COPC in soil, the Integrated Exposure Uptake Biokinetic (IEUBK) 
Model and Adult Lead Methodology (ALM) will be used to estimate blood lead levels in 
child residents and adult residents as well as other adult receptors (for example, industrial 
workers), respectively. The most recent default input parameters available on USEPA’s 
Web site will be used in the IEUBK Model and ALM. The only exposure parameters that 
will be modified are the site-specific media concentrations (IEUBK Model and ALM), soil 
ingestion rate (ALM for worker groups), and soil exposure frequency (ALM for worker 
groups). These site-specific (as opposed to default-embedded exposure factors are provided 
in Table 3-4.  

3.4.5 Toxicity Assessment 
The toxicity assessment describes the relationship between magnitude of exposure to a 
chemical and adverse health effects. It provides, where possible, a numerical estimate of the 
increased likelihood and severity of adverse effects associated with chemical exposure 
(USEPA 1989). This section briefly describes the adverse effects and toxicity values that will 
be used to estimate risks for COPCs. 

For the purpose of toxicity assessment, COPCs can be classified into two broad categories: 
carcinogens and noncarcinogens. These classifications are used because health risks are 
calculated differently for carcinogenic and noncarcinogenic effects. USEPA develops 
separate toxicity values for carcinogenic and noncarcinogenic effects, representing the 
potential magnitude of adverse health effects associated with exposure to chemicals. 
Toxicity studies with laboratory animals or epidemiological studies of human populations 
provide the data used to develop these toxicity values. These values represent allowable 
levels of exposure based upon the results of toxicity studies or epidemiological studies. The 
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toxicity values are combined with the exposure estimates to develop numerical estimates of 
carcinogenic risk and noncarcinogenic health risks in the risk characterization process. 

The following hierarchy will be used to obtain toxicity values (oral cancer slope factors 
[SFs], inhalation unit risk factors [URFs], oral reference doses [RfDs], and inhalation 
reference concentrations [RfCs]) for COPCs: 

• Tier 1 Source: The Integrated Risk Information System (IRIS), which is prepared and 
maintained by USEPA. IRIS contains toxicity data and USEPA regulatory information 
on specific chemicals (USEPA 2008a). 

• Tier 2 Source: Preliminary Peer-Reviewed Toxicity Values, a database of provisional 
toxicity values prepared and maintained by USEPA (USEPA 2008b). 

• Tier 3 Sources: 

− The current approach used by DoD to address the toxicity of TCE. The approach 
uses toxicity values for TCE based on toxicity information available on the California 
EPA Web site (California EPA 2008) and are similar to the toxicity values presented 
on the USEPA Region 6 MSSL table (USEPA 2007a). In addition, USEPA draft 
toxicity values are used. Both California EPA and draft USEPA toxicity values for 
TCE will be used in the tabulated risk estimates and presented in the risk 
characterization section of the HHRA. 

− California EPA toxicity database. 

− USEPA’s Health Effects Assessment Summary Tables (HEAST). 

− Minimal risk levels identified by the Agency for Toxic Substances and Disease 
Registry (ATSDR) for intermediate inhalation exposures (ATSDR 1997a, 1997b, 
2005). Where needed, these values will be used to evaluate subchronic inhalation 
exposures. 

3.4.6 Risk Characterization 
Risk characterization will involve estimating the potential health risks from exposure to 
COPCs. This step of the HHRA will combine the estimated intakes and toxicity factors to 
provide numerical estimates of potential carcinogenic and noncarcinogenic health risks. 
Risk characterization also considers the nature and weight of evidence supporting these 
estimates, as well as the magnitude of uncertainty surrounding the estimates. The risk 
estimates are intended to provide the basis for management decisions and do not predict 
actual health outcomes. The estimates will be based on conservative (health-protective) 
assumptions, and actual risks are likely to be less than these estimates. 
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To characterize potential carcinogenic effects, statistical probabilities are estimated from 
calculated intakes and toxicity values that a hypothetical receptor group will develop cancer 
over a lifetime because of the assumed exposures. Using oral SFs, estimated daily intakes 
averaged over a lifetime of exposure will be converted to incremental risks of a hypothetical 
receptor developing cancer. The following formula will be used to ELCR from site-related 
exposures: 

ELCR = Intake × SF 

Using the inhalation URF, measured or modeled air concentrations will be converted to 
incremental risks of a hypothetical receptor developing cancer. The following formula will 
be used to estimate potential ELCR from inhalation exposure: 

URFionConcentratAirELCR ×=  

USEPA’s target range for carcinogenic risk associated with CERCLA sites is 1 in 10,000 
(1×10-4) to 1 in 1 million (1×10-6). 

To evaluate potential noncancer effects, a hazard quotient (HQ) will be calculated for each 
COPC, and an HI will be calculated for each exposure pathway. The HQ will be calculated 
as the ratio of the estimated intake to the RfD (and air concentration to RfC) as follows: 

RfD
IntakeHQ =  or 

RfC
ionConcentratAirHQ =  

If the estimated daily intake for a COPC exceeds its RfD (or air concentration exceeds its 
RfC), the HQ will exceed 1. An HQ that exceeds 1 indicates that there is a potential for 
adverse health effects associated with exposure to the COPC, but it does not indicate the 
actual level of risk.  

An HI approach will be used to evaluate noncarcinogenic health risks posed by more than 
one COPC and more than one exposure route. The HI approach assumes that simultaneous 
subthreshold exposures to several COPCs or exposure routes are additive. The HI is equal 
to the sum of the HQs. Calculation of a cumulative HI in excess of 1 indicates the potential 
for adverse health effects. The cumulative HI is defined as the sum of the HQs associated 
with the applicable media and pathways of exposure for a particular receptor. According to 
USEPA (1989) guidance for noncarcinogens, it is appropriate to calculate HI values for each 
applicable target organ; therefore, target organ-specific HIs will be calculated and used to 
evaluate potential noncarcinogenic risks from exposure to COPCs. 

The risk characterization for each receptor groups will involve comparing total estimated 
risk with the risk thresholds of 1×10-4 ELCR and a noncancer HI of 1. As an initial approach, 
the total HI will be calculated by summing the individual HIs for each COPC, based on the 
assumption that the COPCs affect the same target organ or target system. If this initial 
approach indicates a total HI above 1 due to more than one COPC, the COPCs will be 
subdivided by target organ/system, and target organ-specific HIs will be calculated and 
compared to the HI threshold of 1. A total ELCR or noncancer HI above the risk thresholds 
indicate the site may warrant further action (for example, institutional controls) to reduce 
risks to acceptable levels. Next, specific COPCs, media, and exposure pathways driving the 
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risk estimates will be identified. Finally, uncertainties will be discussed to provide 
additional insights and a basis for interpreting the results of the risk assessment. 

If risk estimates indicate unacceptable levels and background data are available for risk 
drivers in the background study conducted for the SLAAP site, site concentrations will be 
compared to background levels. If site concentrations are within background, the risks 
attributable to background concentrations will be presented separately from the risks 
attributable to the historical activities at the site. 

The following exposure scenarios will be summed for the indicated receptor groups to 
obtain total (cumulative) risk estimates, assuming that COPCs are identified in each 
medium indicated. 

Current Onsite Industrial Workers  
• Soil—ingestion, dermal contact, and inhalation 
• Indoor Air—inhalation via vapor intrusion 

Current Offsite Residents on Job Corps Property 
• Soil—ingestion, dermal contact, and inhalation 

Current Offsite Residents  
• Indoor Air—inhalation via vapor intrusion 

Future Onsite Residents  
• Soil—ingestion, dermal contact, and inhalation 
• Groundwater—ingestion, dermal contact, and inhalation (via showering) 

• Indoor Air—inhalation via vapor intrusion 

Future Onsite Construction Workers  
• Soil—ingestion, dermal contact, and inhalation 

Future Onsite Utility (Sewer) Workers  
• Soil—ingestion, dermal contact, and inhalation 
• Groundwater—dermal contact and inhalation 

Future Offsite Construction Workers  
• Groundwater—dermal contact and inhalation 

3.4.7 Uncertainty Assessment 
The uncertainty assessment will discuss the assumptions and procedures that introduced 
the greatest amount of uncertainty in the HHRA, as well as their effect on the estimates of 
potential risk. The discussion of their effect will be qualitative, because in many instances 
not enough information exists to quantify the magnitude of these uncertainties. The 
discussion will be divided into subsections that correspond to the four steps in the HHRA 
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process described by USEPA: data evaluation, exposure assessment, toxicity assessment, 
and risk characterization. 

Uncertainties associated with modeled indoor air concentrations, as well as air 
concentrations in excavations from groundwater data, will be discussed. In addition, the 
uncertainties associated with the future groundwater concentrations at offsite locations will 
be presented. The difference in risk estimates using USEPA and California EPA toxicity 
values for TCE will be discussed to provide risk managers with the potential range of risk 
estimates from potential exposure to TCE. 

3.5 Ecological Risk Assessment Approach  
The ERA approach for the SLOP former Hanley Area will be consistent with the draft final 
Missouri Risk-Based Corrective Action (MRBCA) technical guidance (MDNR 2006) and 
USEPA guidance for ERAs (USEPA 1992, 1997b, 1998). Both MRBCA and USEPA guidance 
recommend an iterative approach that uses screening steps to focus the ERA on media, 
pathways, and receptors with the greatest potential to drive unacceptable risk. For this 
project, the screening steps in the MRBCA approach were modified to be more consistent 
with those in USEPA guidance. The object was to ensure that COPCs and receptors were not 
screened out of the ERA prematurely. The following sections provide an overview of the 
MRBCA ecological risk approach, the modified approach proposed for use at the SLOP 
former Hanley Area site, and preliminary problem formulation to help define the 
site-specific screening level ecological risk assessments (SLERAs). 

3.5.1 MRBCA Guidance—ERA Approach 
Under the MRBCA guidance, potential ecological risks are addressed using a phased 
approach within an overall MRBCA tiered risk assessment process. Details of the tiered risk 
assessment approach, which includes human health risk, are provided in the MRBCA 
guidance (MDNR 2006). 

Determination of Need to Address Ecological Risk 
The need to conduct an ERA is determined following site discovery by comparing the 
maximum concentrations of COPCs in groundwater to MRBCA Table 5-1 (compiled from 
Missouri’s Water Quality Standards, 10 CSR 207.031; Table 3-5). If chemicals listed in 
MRBCA Table 5-1 are detected in site groundwater and the maximum concentration 
exceeds the MRBCA Table 5-1 screening value, then potential ecological risks at the site 
must be assessed using the phased approach presented in the MRBCA guidance and 
outlined below. The maximum soil and groundwater concentrations are then compared to 
MRBCA default target levels (DTLs). Further ecological evaluations are required under 
MRBCA only if DTLs are exceeded. 

Ecological Risk Evaluation—Level 1 
If initial screening indicates that additional ecological evaluation is warranted at a site, a 
Level 1 ERA is performed to identify whether ecological receptors or habitat exist at, 
adjacent to, or near the site. The evaluation, beginning with MRBCA Ecological Risk 
Assessment Level 1 Checklist A (MRBCA Appendix F; Table 3-6), consists of seven 
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questions. The checklist is a qualitative evaluation completed by an experienced 
environmental professional. If the answer to any question on the checklist is negative, no 
further ecological evaluation is necessary. 

A positive answer to any question in Checklist A implies that a receptor or a habitat exists 
on or near the site, and further evaluation is required. A second checklist of seven questions, 
Ecological Risk Assessment Level 1 Checklist B, is then completed (Table 3-7). The second 
checklist determines if pathways are complete for receptors identified in Checklist A. If the 
answer to the questions is negative, the conclusion is that, even though a receptor exists on 
or near the site, a complete pathway to the receptor does not exist and there are no 
ecological concerns at the site. If the answer to one or more of the seven questions is 
positive, a Level 2 ERA is required to determine whether contamination at the site poses an 
unacceptable risk to ecological receptors. 

Ecological Risk Evaluation—Level 2 
Under MRBCA, if the Level 1 assessment indicates that complete pathways to receptors 
exist at a site, then a Level 2 ERA is warranted. In a Level 2 ERA, site-specific PCOC 
concentrations that may reach an environmental receptor are compared to conservative 
screening values for the appropriate media. These can include Missouri’s water quality 
criteria and commonly accepted literature values when standards are not available. If the 
comparison of representative site-specific soil or groundwater values indicates that 
applicable values are exceeded, then a Level 3 ERA may be required. 

Ecological Risk Evaluation—Level 3 
A Level 3 ERA consists of a detailed site-specific evaluation according to current USEPA 
guidance on performing risk assessments. The following guidance should be used: 

• USEPA. 1992. Framework for Ecological Risk Assessment. EPA/630/R-92/001. 

• USEPA. 1997b. Ecological Risk Assessment Guidance for Superfund: Process for Designing and 
Conducting Ecological Risk Assessments. Interim Final. EPA/540/R-97/006. 

• USEPA. 1998. Guidelines for Ecological Risk Assessment. EPA/630/R-95/002F. 

A Level 3 ERA requires developing a site-specific, detailed work plan and approval by 
MDNR before its implementation. 

3.5.2 Approach 
The proposed ERA approach for the SLOP former Hanley Area draws from both the draft 
MRBCA guidance (MDNR 2006) and USEPA guidance (USEPA 1992, 1997b, 1998). An ERA 
consists of three key components: (1) problem formulation, (2) analysis, and (3) risk 
characterization. 

Problem formulation involves (1) compiling and reviewing existing information on the 
ecological setting; (2) compiling and reviewing available analytical and biological data; 
(3) developing a conceptual model that identifies and evaluates potential source areas, 
transport pathways, fate and transport mechanisms, exposure media, exposure pathways 
and routes, and receptors; and (4) developing assessment and measurement endpoints for 
critical exposure pathways. 
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The analytical part of the ERA is divided into two parts: exposure assessment and effects 
assessment. The exposure assessment involves measuring or estimating potential exposures 
to ecological receptors. The effects assessment involves measuring (through facility-specific 
field or laboratory studies) or estimating (using literature-based screening values) ecological 
effects for the exposed receptors. 

The risk characterization part of the ERA uses the information generated during the two 
previous parts of the ERA (problem formulation and analysis) to estimate potential risks to 
ecological receptors. It also includes an evaluation of the uncertainties associated with the 
models, assumptions, and methods used in the ERA, and their potential effects on the 
conclusions of the assessment. 

Under both the draft MRBCA guidance and USEPA guidance, ERAs are conducted using a 
tiered, step-wise approach and are punctuated with scientific management decision points 
(SMDPs). SMDPs represent points in the ERA process where agreement between the risk 
assessor, risk manager, and interested parties on conclusions, actions, or methodologies is 
needed so the ERA process can continue (or terminate) in a technically defensible manner. 
The results of the ERA at a particular SMDP are used to determine how the ERA process 
should proceed; for example, to the next step in the process or directly to a later step. The 
process continues until a final decision has been reached (that is, remedial action if 
unacceptable risks are identified or no further action if risks are acceptable). The process can 
also be iterative if data needs are identified at any step; the needed data are collected and 
the process starts again at the point appropriate to the type of data collected. 

Screening Level Ecological Risk Assessment 
The proposed approach for assessing ecological risk at the SLOP former Hanley Area will 
use a SLERA to first determine whether complete exposure pathways exist. If complete 
pathways exist, the SLERA will then evaluate the potential for unacceptable ecological risks 
based upon very conservative assumptions. The proposed SLERA addresses MRBCA 
Level 1 and 2 ERAs and consists of three steps: 

• If screening values are exceeded, then the MRBCA Level 1 ecological checklists will be 
completed during a site visit to determine if complete pathways exist and ecological 
receptors are present. If no complete exposure pathways exist, the ERA process 
terminates with a conclusion of negligible (acceptable) risk. If one or more complete 
exposure pathways are known to exist or are likely to exist, the ERA process continues 
but will evaluate only pathways that have been determined to be significant.  

• Site data will be compared to MRBCA Table 5-1 and DTLs (Table 3-5) if one or more 
complete exposure pathways are known to exist or are likely to exist. MRBCA DTLs will 
be supplemented with USEPA Region 5 ecological screening values presented in Table 3-8 
(USEPA 2003). If site data are found to be representative and do not exceed the screening 
data, no further ERA activity is required. 

• If site data exceed the screening data, a screening exposure assessment, a screening 
effects assessment, and a screening risk calculation (risk characterization) will be 
conducted to determine if the site poses the potential for unacceptable ecological risk. 
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Baseline ERA 
The results of the SLERA are used to evaluate the potential for unacceptable ecological risks 
based upon very conservative assumptions. If the results suggest that further ecological risk 
evaluation or data collection is warranted, the ERA process will proceed to a baseline 
ecological risk assessment (BERA), a more detailed site-specific phase of the ERA process, 
for the pathways, chemicals, receptors, and areas identified in the SLERA. The proposed 
BERA is analogous to the MRBCA Level 3 ERA. 

If a BERA is found to be required, a brief (less than 10-page) memorandum will be 
submitted to MDNR presenting a refined CSM and detailing the key assumptions, exposure 
parameters, and effects values that will be used to conduct the BERA. Based on what is 
known at this time, it is anticipated that the exposure parameters will be adjusted to 
represent more site-specific conditions. The site use factors for wildlife receptors will be 
adjusted based on expected home ranges to reflect site-specific exposure. Receptor body 
weight and ingestion rates may be adjusted downward from the maximum available if 
literature suggests that adjusted values would be more reflective of site-specific conditions. 
The bioavailability of certain COPCs may be addressed by adjusting the values based on 
literature review or by conducting site-specific bioaccumulation studies.  

3.5.3 Generalized Screening Level Problem Formulation 
A preliminary problem formulation process was conducted as part of this work plan to 
guide the ERA process where an ERA may be required. Problem formulation establishes the 
goals, scope, and focus of the ERA. As part of the screening problem formulation, the 
environmental setting of the site is characterized in terms of the habitats and biota known or 
likely to be present. The types and concentrations of constituents that are present, based on 
available analytical data, or suspected based on site history, in ecologically relevant media 
also are considered. Based on the overall setting of the SLOP former Hanley Area and 
specific site characteristics, a preliminary CSM was developed. The preliminary CSM may 
be modified in the ERA with additional information. The preliminary CSM describes 
potential source areas, transport pathways and exposure media, exposure pathways and 
routes, and receptors. Assessment and measurement endpoints were selected to evaluate 
receptors for which complete and ecologically important exposure pathways exist 
(Table 3-9). The fate, transport, and toxicological properties of the constituents present 
(primarily metals), particularly the potential for bioaccumulation, also were considered 
during this process. 

Ecological Settings and Habitats 
The site occurs in an urban and residential setting. Terrestrial habitat is limited to areas of 
exposed soil and vegetation around buildings and other structures, and is considered low 
quality. Aquatic habitat does not occur on the site or in the immediate vicinity. The closest 
aquatic habitat is the Mississippi River, which occurs more than 2 miles from the site. The 
ecological setting, habitats, and receptors at the SLOP former Hanley Area will be described 
more fully in the ERA after a site visit and with available information in the literature. 
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Preliminary CSM 
Based on the environmental setting and the site history, a preliminary CSM was developed 
to describe the potential sources, pathways and exposure routes, and potential receptors. 
Based on the preliminary CSM, a series of assessment endpoints, risk hypotheses, and 
measurement endpoints were developed. Figure 3-6 presents the preliminary CSM. The 
preliminary CSM may be modified in the ERA with additional information. 

Potential Source Areas. Potential sources areas to ecological receptors include soil around 
buildings where environmental releases to the ground surface may have occurred. 

Potential Pathways and Exposure Media. A transport pathway describes the mechanisms 
whereby site-related constituents, once released, may be transported from a source to 
ecologically relevant media where receptor exposures may occur. The primary mechanisms 
for transport from the source areas may include the following: 

• Disturbance of soil by wind and erosion and transport to other areas of the site 
• Uptake by biota from surface soil and trophic transfer to upper trophic level receptors 

Exposure media for ecological receptors is limited to surface soil and biota. Surface water 
and sediment do not occur onsite or in the immediate vicinity. Groundwater generally is 
considered only as a transport medium, since there are no ecological exposures to 
groundwater until it discharges to the surface, which does not occur at the SLOP former 
Hanley Area. Air will not be formally addressed in the ERA because that medium is not 
likely to result in significant contributions to total exposure. 

Exposure Pathways and Routes 
An exposure pathway links a source with one or more receptors through exposure by one or 
more media and exposure routes. Exposure, and thus potential risk, can occur only if 
complete exposure pathways exist. An exposure route describes the specific mechanisms by 
which a receptor is exposed to a constituent present in an environmental medium. 

Figure 3-6 presents the exposure routes for various receptor groups with potential site 
exposure. Only those exposure routes considered complete will be addressed in the ERA. 

As noted, there is only terrestrial habitat at the SLOP former Hanley Area. For lower trophic 
level receptors in these habitats (for example, soil invertebrates and terrestrial plants), direct 
contact with soil is considered the primary exposure route. Terrestrial plants are exposed 
mainly through their root surfaces during water and nutrient uptake to constituents present 
in surface soil.  

Upper trophic level receptors (such as mammals and birds) may be exposed to constituents 
through (1) inhalation of gaseous constituents or of constituents adhered to particulate 
matter; (2) incidental ingestion of contaminated soil during feeding activities; (3) ingestion 
of contaminated water; (4) ingestion of contaminated plant and/or animal tissues for 
contaminants which have entered food webs; and/or (5) direct (dermal) contact with 
contaminated soil. 

Some volatile constituents may be present in water and soil and particulate resuspension 
may occur at some sites, but inhalation typically will not represent a significant exposure 
route because the contribution to the total dose from the inhalation route generally is 
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insignificant for upper trophic level ecological receptors relative to ingestion pathways. 
Exposure to constituents present in surface soil by dermal contact may occur but is unlikely 
to represent a major exposure pathway for most receptors because fur and feathers 
minimize transfer of constituents across dermal tissue. 

Receptors of Potential Concern. Because of the complexity of natural systems, it is not 
practical to assess directly the potential impacts to ecological receptors present. Therefore, 
specific receptor species (such as the white-footed mouse) or species groups (such as 
invertebrates) were selected as surrogates to evaluate potential risks to larger components of 
the ecological community (such as carnivorous mammals) used to represent the assessment 
endpoints (for example, survival and reproduction of carnivorous mammals). Selection 
criteria typically include the following species: 

• Those known to occur, or are likely to occur, on the site 

• Those having a particular ecological, economic, or aesthetic value 

• Those that are representative of taxonomic groups, life history traits, or trophic levels in 
the habitats present at the site for which complete exposure pathways are likely to exist 

• Those that can be expected, because of toxicological sensitivity or potential exposure 
magnitude, to represent potentially sensitive populations at the site 

The following upper trophic level receptors are potential ecological receptors that may be 
considered for evaluation at the SLOP former Hanley Area based upon the criteria listed 
above: 

• Rufous-sided towhee (Pipilo erythrophthalmus)—avian herbivore 
• Red-tailed hawk (Buteo jamaicensis)—avian carnivore 
• Short-tailed shrew (Blarina brevicauda)—mammalian burrowing insectivore 
• White-footed mouse (Peromyscus leucopus)—mammalian seed eater 

Upper trophic level receptor species quantitatively evaluated in the ERA will be limited to 
birds and mammals, the taxonomic groups with the most available information regarding 
exposure and toxicological effects. Lower trophic level receptor species will be evaluated 
based upon those taxonomic groupings for which medium-specific screening values have 
been developed.  

Terrestrial amphibians and reptiles also are potential applicable receptor groups. Individual 
species of reptiles and amphibians, however, were not selected for evaluation because of the 
general lack of available toxicological information for these taxonomic groups for direct 
effects (reptiles) and effects from exposures by food webs (reptiles and amphibians). 
Potential risks to amphibians and reptiles from food web exposures will be evaluated using 
other fauna (birds and mammals) as surrogates.  

Endpoints and Risk Hypotheses. Problem formulation includes selecting ecological endpoints 
and risk hypotheses based upon the CSM. Two types of endpoints—assessment endpoints 
and measurement endpoints—are defined as part of the ERA process (USEPA 1997b). An 
assessment endpoint is an explicit expression of the environmental component or value that 
is to be protected. A measurement endpoint is a measurable ecological characteristic that is 
related to the component or value chosen as the assessment endpoint. The considerations 
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for selecting assessment and measurement endpoints are summarized in USEPA (1997b) 
and discussed in detail in Suter (1989, 1990, 1993). Risk hypotheses are testable hypotheses 
about the relationship among the assessment endpoints and their predicted responses when 
exposed to contaminants. 

Endpoints define ecological attributes to be protected (assessment endpoints) and 
measurable characteristics of those attributes (measurement endpoints) that can be used to 
gauge the degree of adverse effect that has occurred or may occur. Assessment endpoints 
most often relate to attributes of biological populations or communities. They are intended 
to focus the risk assessment on particular components of the ecosystem that could be 
adversely affected by constituents attributable to a site (USEPA 1997b). Assessment 
endpoints contain an entity (for example, a heron population) and an attribute of that entity 
(for example, survival rate). Individual assessment endpoints usually encompass a group of 
species or populations (the receptor) with a common characteristic, such as specific 
exposure route or contaminant sensitivity, with the receptor then used to represent the 
assessment endpoint in the risk evaluation. Table 3-9 summarizes the preliminary specific 
assessment endpoints, risk hypotheses, measurement endpoints, and associated receptors 
that may be used in the ERA. 

3.5.4 Generalized Exposure Assessment 
The principal activity associated with the exposure assessment will be to estimate EPCs to 
which the receptors may be exposed. This is accomplished by selecting appropriate sets of 
the available analytical data using a set of criteria (such as validation status). For the SLERA, 
the EPC will be the maximum detected concentration. EPCs will then be used in 
bioaccumulation and food web models to estimate exposures to upper trophic level 
receptors. 

Food Web Model Exposures 
Medium-specific EPCs for surface soil will be used in bioaccumulation and food web 
models to estimate exposures to upper trophic level receptors. Dietary items for which 
tissue concentrations will be modeled include terrestrial plants, soil invertebrates, and small 
mammals. Incidental ingestion of surface soil will be included when calculating the total 
exposure. Ingestion of surface (drinking) water will not be included when calculating the 
total exposure because surface water is not known to occur at the SLOP former Hanley 
Area. The models and parameter values that will be used for these tissue calculations are 
outlined in the following subsections. 

For the SLERA exposure estimates, the uptake of constituents from the abiotic media (soil) 
into these food items will be based upon conservative (such as 90th percentile) 
bioconcentration factors (BCFs) or bioaccumulation factors (BAFs) from the literature, where 
available. The use of 90th percentile values is recommended to provide for a conservative 
screening assessment (Sample et al. 1998a, 1998b). Default factors of 1 will be used only 
when data are not available for a constituent in the literature. 

Estimation of Concentrations in Terrestrial Plants 
Tissue concentrations in the aboveground vegetative portion of terrestrial plants will be 
estimated by multiplying the surface soil concentration for each chemical by chemical-
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specific soil-to-plant BCFs obtained from the literature. The BCF values will be based upon 
root uptake from soil and upon the ratio between dry-weight soil and dry-weight plant 
tissue. Literature values based upon the ratio between dry-weight soil and wet-weight plant 
tissue will be converted to a dry-weight basis by dividing the wet-weight BCF by an 
estimated solids content for terrestrial plants (15 percent [0.15]; Sample et al. 1997). 

For organic chemicals without literature-based BCFs, sediment-to-plant BCFs will be 
estimated using the algorithm provided in USEPA (2005): 

log BCF = (-0.229) (log Kow) + 1.0237 

where: BCF = sediment-to-plant BCF (unitless; dry-weight basis) 
 Kow = octanol-water partitioning coefficient (unitless) 

Estimation of Concentrations in Soil Invertebrates 
Tissue concentrations in soil invertebrates will be estimated by multiplying the surface soil 
concentration for each COPC by chemical-specific soil-to-invertebrate BAF values obtained 
from the literature. BCFs are calculated by dividing the concentration of a chemical in 
organism tissue by the concentration of that same chemical in the surrounding 
environmental medium (in this case, soil) without accounting for uptake via the diet. BAFs 
consider both direct exposure to soil and exposure through diet. Since earthworms consume 
soil, BAFs are more appropriate than BCFs and were used where available. BAFs based 
upon depurated analyses (soil was purged from the gut of the earthworm prior to analysis) 
will be given preference over undepurated analyses when selecting BAF values because the 
direct ingestion of soil was accounted for separately in the food web model. 

The BAF values selected will be based upon the ratio between dry-weight soil and dry-
weight earthworm tissue. Literature values based upon the ratio between dry-weight soil 
and wet-weight earthworm tissue will be converted to a dry-weight basis by dividing the 
wet-weight BAF by the estimated solids content for earthworms (16 percent [0.16]; USEPA 
1993). For chemicals without available measured BAFs, an earthworm BAF will be 
estimated using data for similar chemicals or a BAF of 1 was assumed. 

Estimation of Concentrations in Small Mammals 
Whole-body tissue concentrations in small mammals (shrews, voles, mice) will be estimated 
using one of two methodologies. For chemicals with literature-based soil-to-small mammal 
BAFs, small mammal tissue concentration will be calculated by multiplying the surface soil 
concentration for each chemical by a chemical-specific soil-to-small mammal BAF obtained 
from the literature. The BAF values will be based upon the ratio between dry-weight soil 
and whole-body dry-weight tissue. Literature values based upon the ratio between dry-
weight soil and wet-weight tissue will be converted to a dry-weight basis by dividing the 
wet-weight BAF by the estimated solids content for small mammals (32 percent [0.32]; 
USEPA 1993). 

For chemicals without soil-to-small mammal BAF values, an alternate approach will be used 
to estimate whole-body tissue concentrations. Because most chemical exposure for small 
mammal species is through diet, it was assumed that the concentration of each chemical in 
the animal’s tissues is equal to the chemical concentration in its diet multiplied by a diet to 
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whole-body BAF (wet-weight basis) derived from the literature. For chemicals lacking diet 
to whole-body BAF values, a BAF of 1 was assumed. The use of a diet to whole-body BAF 
of 1 is likely to result in reasonable estimates of chemical concentrations, even for chemicals 
that are known to bioaccumulate or biomagnify, based upon reported literature values. For 
example, a maximum BAF (wet-weight) value of 1 was reported by Simmons and McKee 
(1992) for PCBs based upon laboratory studies with white-footed mice. Menzie et al. (1992) 
reported BAF values (wet-weight) for dichlorodiphenyl trichloroethane (DDT) of 0.3 for 
voles and 0.2 for short-tailed shrews. Reported BAF values (wet-weight) for dioxin were 
only slightly above 1 (1.4) for the deer mouse (USEPA 1990). Resulting tissue concentrations 
(wet-weight) were converted to a dry-weight basis using an estimated solids content of 
32 percent. 

Dietary Intakes 
Upper trophic level receptor exposures through food webs will be determined using 
estimated constituent concentrations in each relevant dietary component for each receptor 
as described in the previous sections. Incidental ingestion of soil will be included when 
calculating the total exposure where appropriate. 

Dietary intakes for each upper trophic level receptor will be calculated using the following 
formula (modified from USEPA [1993]): 

BW
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where: 
 DIx = dietary intake for constituent × (mg constituent/kg body weight/day) 
 FIR = food ingestion rate (kg/day, dry-weight) 
 FCxi = concentration of constituent × in food item i (mg/kg, dry-weight) 
 PDFi = proportion of diet composed of food item i (dry-weight basis) 
 SCx = concentration of constituent × in soil (mg/kg, dry-weight) 
 PDS = proportion of diet composed of soil (dry-weight basis) 
 BW = body weight (kg, wet weight) 

Incidental ingestion of soil was modeled as a dietary component rather than using a 
separate soil ingestion rate. When measured food ingestion rates for a receptor were 
unavailable in the literature, they were estimated using allometric equations from Nagy 
(2001). Drinking water ingestion will not be included in the calculation of dietary intake 
because drinking water sources do not occur on the site. 

The following conservative exposure assumptions will be used in the SLERA: 

• Dietary items consumed by the receptor are obtained from the facility (that is, an Area 
Use Factor [AUF] of 1 was assumed) at the point of maximum concentration. 

• Chemicals were 100 percent bioavailable. 

• Maximum food ingestion rates were used (calculated maximum ingestion rates using 
allometric equations were based upon the maximum adult body weight). 
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• Minimum adult body weights were used. 

3.5.5 Generalized Effects Assessment 
The purpose of the effects assessment is to establish chemical exposure levels (screening 
values) that represent conservative thresholds for adverse ecological effects. One set of 
screening values will be developed for each selected assessment endpoint. 

Medium-Specific Screening Values 
Based upon the preliminary CSM, direct exposure to surface soil is a potentially complete 
pathway. USEPA Region 5 ecological screening values used during the initial screening to 
supplement the DTLs, which are predominantly based on food web exposure, will be 
replaced with screening values specific to soil invertebrates and terrestrial plants. Screening 
values will be derived from the literature to be protective of sublethal effects from chronic 
exposure to COPCs in soil. 

Ingestion Screening Values 
Ingestion screening values for dietary exposures will be derived for each mammalian and 
avian receptor species and bioaccumulative constituent evaluated. Toxicological 
information from the literature for wildlife species most closely related to the receptor 
species will be used when available. Laboratory studies of nonwildlife species (chickens, 
laboratory mice, etc.) will be used when information based on wildlife species is lacking. 

Survival, growth, and reproduction will be emphasized as toxicological endpoints because 
they are the most ecologically relevant to maintaining viable populations and because they 
are generally the most studied toxicological endpoints for ecological receptors. If several 
chronic toxicological studies are available from the literature, the most appropriate study 
will be selected for each receptor species based upon study design, methodology, duration, 
and endpoint and on test species. Ingestion-based screening values will be derived for both 
chronic no observed adverse effect level (NOAEL) and chronic lowest observed adverse 
effect level (LOAEL) endpoints. 

3.5.6 Generalized Risk Characterization 
The risk characterization part of the SLERA uses the information generated during the 
problem formulation, exposure assessment, and effects assessment to estimate potential 
risks to ecological receptors. 

Direct Exposures 
Direct exposure will be evaluated through a comparison with soil screening values obtained 
from the literature. Exposure concentrations for surface soil will be compared with the 
corresponding screening values to derive risk estimates using the HQ method. HQs are 
calculated by dividing the constituent concentration in the medium by the corresponding 
constituent- and medium-specific screening value. HQs exceeding 1 indicate the potential 
for unacceptable risk as the concentration (exposure) exceeds the screening value (effect). 
HQs less than or equal to 1 indicate that unacceptable risks are unlikely. 
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Food Web Exposures 
Exposure doses for terrestrial upper trophic level receptors from exposures through the 
food web will be compared with the corresponding ingestion-based screening values to 
derive risk estimates using the HQ method. Food web HQs will be calculated by dividing 
the exposure dose by the corresponding constituent- and receptor-specific screening value. 
HQs exceeding one indicate the potential for unacceptable risk as the dose (exposure) 
exceeds the screening value (effect). HQs less than or equal to 1 indicate that unacceptable 
risks are unlikely. 

3.6 Field Investigation 
This investigation will consist of the following field activities. Detailed sampling procedures 
are presented in the sampling and analysis plan (Appendix A). 

3.6.1 Surface Soil Sampling 
The surface soil investigation will consist of advancing hand-augered borings at up to 
32 locations in the areas of Buildings 219B, C, E, and F; along the south property boundary 
in the areas of former Buildings 228B, 228G, and 228Z ; and near former Building 220. 

Surface soil samples will be collected at 16 locations around former Buildings 219B, C, E, 
and F (Figure 3-7). Eight discrete surface soil samples will be collected from around the 
Building 219B and C area, and eight discrete samples will be collected from around the 
Building 219E and F area. Surface soil samples will be collected from 0 to 2 feet bgs and 
analyzed for arsenic. MDNR has expressed concern that surface soil contamination from 
arsenic may extend beyond the property line to the west, onto the property occupied by Job 
Corps. To address this potential, the onsite samples will be analyzed on a 24-hour 
turnaround time. If the results show that the samples from along the fence line have 
elevated arsenic concentrations (greater than the 13.2 mg/kg), surface soil samples will be 
collected from up to 10 adjacent locations across the property line (these locations will be 
field located and are not included on Figure 3-7). This assumes USACE will obtain an access 
agreement from Job Corps for conducting this work. 

Additional soil will be collected from the 16 onsite surface soil sample locations and 
submitted to the offsite laboratory for holding and potential characterization analysis. Up to 
five soil samples from each of the two areas with the highest arsenic concentrations will be 
analyzed for TCLP Resource Conservation and Recovery Act (RCRA) metals for the 
purposes of characterizing the soil in place to expedite future soil removal activities, if any. 

The surface soil investigation in the area along the southern property boundary will include 
collecting up to two surface soils samples from the south side of the fence to define the 
southern boundary of the SLOP former Hanley Area. The surface soil samples will be 
collected from 0 to 2 feet bgs and analyzed for lead. In addition, three surface soil samples 
will be collected in this area and submitted for offsite TCLP analysis for RCRA metals. The 
soil sample locations will be determined in the field with the intent of sampling at or near 
the previous sample locations in which lead was present at elevated levels in excess of the 
screening level. The intent of these samples will be for disposal characterization.  
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One surface soil sample will be collected east of former Building 220 in an effort to confirm 
the presence of lead at a concentration in excess of the screening level previously identified 
at 0 to 1 foot bgs. The sample will be located as close as possible to the previous sample 
location and collected from 0 to 2 feet bgs. If confirmed, three additional samples will be 
collected surrounding the original sample location to define lateral extent. If not confirmed, 
no additional sampling will be performed. 

3.6.2 Membrane Interface Probe/Cone Penetrometer Test  
Up to 26 MIPs/cone penetrometer tests (CPTs) will be advanced on the northern end of the 
site where the plume of cVOCs in groundwater has been identified (Figure 3-8). The 
purpose of the probes is to better assess the lateral extent and vertical distribution of the 
dissolved-phase plume and subsurface soil contamination onsite (specifically the eastern 
extent) as defined by previous wells and direct push borings and to assess the presence of 
DNAPL near soil boring SB-23 and well MW-111.  

A dynamic approach will be used for the investigation. The interior line of six MIPs aligned 
along the axis of the plumes southwest to northeast (Figure 3-8) will be advanced, and based 
on the results from those probes, the next two outer lines of five MIPs each will be 
advanced. The stepping out of the MIP process will continue to 10 more locations if 
required. This will allow for source delineation on a maximum 30-foot spacing. Based on 
existing soil and groundwater data, it does not appear that a second series of step out MIPs 
will be required; however, the second series of 10 potential MIP points are shown on 
Figure 3-8. The precise locations of borings will be determined in the field as the MIP 
investigation progresses based on a review of the real-time data received from the 
instrument. 

The distribution of the MIP/CPT also will provide valuable lithologic data in the core and 
external areas of the contaminant plume. The CPT probe records pore pressure as it is 
advanced. This information in conjunction with steady-state pore pressure dissipation tests 
will provide permeability values for the subsurface soil. 

3.6.3 Confirmation Soil Probes/Temporary Wells  
To confirm the results of the MIP investigation and provide subsurface soil and 
groundwater data in other areas, up to six confirmation soil probes will be advanced using a 
direct push technology rig. The purpose of the probes is to obtain confirmation soil, 
groundwater, and geotechnical samples. Confirmation boring locations will be selected to 
verify the results obtained from the MIP data. Most of the confirmation probes will be 
located within the limits of the plume to enhance understanding of site and plume 
conditions; however, some may be located beyond the edge of the plume boundaries to 
confirm lateral extent. Confirmation soil probe locations are not depicted on a figure, since 
location will be solely dependent on the results from the MIP investigation. 

One soil and groundwater sample will be collected from each of the probes and analyzed for 
cVOCs. The soil samples will be collected from a range of electron capture detector (ECD) 
response including depths that exhibited the greatest MIP response indicative of cVOC 
contamination and depths of little or no response to confirm low contaminant 
concentrations. Groundwater samples will be collected from the base of the probe using a 
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screen internal to the probe. If groundwater is not readily available within the borehole, a 
temporary well will be installed by inserting a 1-inch polyvinyl chloride (PVC) casing and 
screen into the probe to allow groundwater to accumulate. The temporary well will be left in 
place for no longer than 1 week. Once groundwater is obtained, the casing will be removed 
from the temporary well and the probe properly abandoned. 

Geotechnical samples (total organic carbon, bulk density, and grain size) will be collected 
from a subset of the confirmation probes to confirm soil properties identified through the 
CPT probes and to obtain a clearer picture of the subsurface lithology across the site, 
specifically grain size and dry bulk density. The number of samples collected for 
geotechnical testing will be determined following evaluation of data collected during the 
MIP/CPT investigation. At least three geotechnical samples will be collected.  

Three soil samples will be collected from a selected subset of the confirmation probes for 
analysis of natural oxidant demand (NOD). The sample depth intervals will be selected for 
NOD analysis based on the anticipated depth of the potential treatment zone. In addition, 
formation groundwater will be collected from the nine existing wells to be used in the NOD 
analysis.  

3.6.4 Monitoring Wells 
Two shallow groundwater monitoring wells will be installed to supplement the existing 
monitoring well network in the area of former Building 220 at the north end of the site 
(Figure 3-9). The two new wells will be completed at depths comparable to the nine existing 
wells in the network (30 to 35 feet bgs) and will be constructed of 2-inch PVC with a flush-
mount completion. One well will be located upgradient of the PCE plume and one 
downgradient. The upgradient well will be southwest of upgradient well MW-114, within 
the limits of the abandoned roadway south of former Building 220. The downgradient well 
will be located in the neighborhood north of Stratford Avenue adjacent to the southeast 
corner of 6317 Stratford Avenue, approximately 50 feet downgradient of well MW-108.  

A third groundwater monitoring well will be installed at a deeper depth, into the 
underlying competent bedrock, near the PCE source area. The borehole for the well will be 
advanced using a hollow-stem auger to a depth of roughly 35 feet bgs, the assumed depth of 
competent bedrock. A 6-inch steel casing will be set and grouted. The cement grout will be 
allowed to set for 48 hours before reentering the hole and completing the well to total depth. 
The borehole will be advanced to total depth of 45 feet (another 10 feet below the primary 
casing depth) using air rotary drilling methods. 

Groundwater samples will be collected from the three new wells and the nine existing wells 
in the area of former Building 220 to confirm the extent of the impact of cVOCs on 
groundwater at the north end of the site. The deep well will be completed within competent 
shale, and therefore, the potential exists that a groundwater sample may not be able to be 
collected. The 11 or 12 groundwater samples (excluding quality assurance [QA]/quality 
control [QC] samples) will be analyzed for VOCs using USEPA Method SW8260B. 
Groundwater samples from four key wells (one upgradient background well, two in the 
source area, and one downgradient well) will be analyzed for natural attenuation 
parameters: nitrate, dissolved iron, dissolved manganese, sulfate, methane, ethane, ethene, 
and chloride. The groundwater samples will be field screened using an instrument to 
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analyze for dissolved oxygen, oxygen-reduction potential, pH, temperature, and specific 
conductance. Table 3-10 summarizes the sample locations and the rationale for sampling. 

3.6.5 Indoor and Ambient Air Sampling 
Three air samples will be collected, two indoor air samples from the basement of 
6317 Stratford Avenue and one ambient air sample from the back porch of 6317 Stratford 
Avenue. The samples from the basement will be collected form the southwest and northeast 
corners of the basement to replicate the sample locations used during the vapor intrusion 
investigation. Each 24-hour air sample will be collected using a 6-liter Summa® canister 
using a flow controller set for 3.75 milliliters per minute (mL/min) this will allow the 
Summa® canister fill over a 24-hour period.  

3.7 Community Relations 
A community relations plan will be developed to promote and document community 
awareness of current and planned activities at the site and to present public opinions 
regarding these activities. This plan will be in accordance with Management Guidance for the 
DERP (September 2001), Superfund Community Involvement Handbook (EPA/540/K/01/003, 
April 2002), and other applicable regulatory requirements. The plan will present the status 
of the environmental investigation and cleanup activities identify issues of concern to 
stakeholders, outline how stakeholders can be involved in the decision-making process, and 
serve as a public record of community involvement and participation. The St. Louis Central 
Public Library contains the site administrative record for public review. The library will be 
updated with future final site documents. 

3.8 Project Schedule 
The RI field investigation is scheduled to begin in May 2008 and last roughly 1 month. Field 
activities will be broken into three events. The first event will consist of MIP/CPT borings. It 
is expected to take 5 days to complete up to 26 MIP/CPT borings. Along with the borings, 
up to 29 surface soil samples will be completed simultaneously with the MIP/CPT borings. 
The second event consists of confirmation probes/temporary wells and sampling. It is 
expected to take 5 days to complete this event. Once confirmation samples are analyzed, 
monitoring wells will be installed and sampled. One round of indoor air and ambient air 
samples will be collected at 6317 Stratford Avenue during the RI fieldwork. This event is 
expected to be completed within 8 days. A breakdown of the schedule is shown in 
Table 3-11. The project schedule is presented on Figure 3-10.  
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TABLE 2-1
1991 USATHAMA Soil Analytical Data
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID SS41A SS44B SS47B SS51B
Sample Interval (ft) 0-1 1-2 1-2 1-2

Metals (mg/L) TCLP Limit
Arsenic 5 LT LT LT LT
Barium 100 0.781 0.956 0.881 0.682
Cadmium 1 0.00478 0.00559 LT LT
Chromium 5 LT LT LT LT
Lead 5 LT LT LT 0.0471
Selenium 1 LT LT LT LT
Silver 5 LT LT LT LT
Notes:
Analyzed using ICAP method
Bold = Detected concentration
LT = Less than certified reporting 
limit
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TABLE 2-1
1991 USATHAMA Soil Analytical Data
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID SS40A SS40B SS41A SS42A SS43A SS43B SS44A SS44B SS45A
Sample Interval (ft) 0-1 1-2 0-1 0-1 0-1 1-2 0-1 1-2 0-1

Metals (mg/kg) Reporting Limits Screening Levels (0-10')
Aluminum 14.1 7700* 10,400.0 12,100.0 6,980.0 11,600.0 12,400.0 12,900.0 8,640.0 10,600.0 9,320.0
Antimony 3.8 3.1* NRQ NRQ LT NRQ NRQ NRQ NRQ LT NRQ
Arsenic 0.25 13.2 NRQ NRQ 8.92 NRQ NRQ NRQ NRQ NRQ 9.31
Barium 29.6 1600* 204.0 184.0 120.0 194.0 394.0 224.0 249.0 248.0 286.0
Beryllium 1.8 16* LT LT LT LT LT LT LT LT LT
Cadmium 3.05 3.9* LT LT LT LT LT LT LT LT LT
Calcium 59 - 22,100.0 6,290.0 214,00 30,500.0 14,600.0 53,900.0 9,380.0 13,800.0 20,200.0
Chromium 12.7 38 LT 25.7 LT LT 24.6 LT LT 57.7 LT
Cyanide 0.92 120* NRQ NRQ LT NRQ NRQ NRQ NRQ LT NRQ
Cobalt 15 900 NRQ NRQ LT NRQ NRQ NRQ NRQ LT NRQ
Copper 58.6 290* LT LT LT LT LT LT LT LT LT
Iron 50 5500* 18,700.0 20,300.0 10,700.0 17,630.0 19,100.0 17,900.0 5,800.0 17,300.0 16,400.0
Lead 0.177 400 39.3 10.3 115 74.4 78.7 34.0 27.1 28.5 56.5
Magnesium 50 - 6,970.0 5,400.0 15,500.0 6,750.0 5,260.0 6,670.0 6,010.0 6,720.0 4,890.0
Manganese 0.275 350* 723.0 720.0 601.0 708.0 1,040.0 753.0 1,060.0 898.0 638.0
Mercury 0.05 2.3* LT LT LT LT LT LT LT LT LT
Nickel 12.6 130 29.0 30.1 LT 27.1 28.5 26.8 29.2 32.2 28.0
Potassium 37.5 - 1,120.0 1,240.0 1,060.0 1,410.0 1,540.0 1,540.0 1,090.0 1,100.0 979.0
Selenium 0.25 5 NRQ NRQ LT NRQ NRQ NRQ NRQ LT NRQ
Silver 2.5 34 LT LT LT LT LT LT LT LT LT
Sodium 150 - 581.0 584.0 508.0 475.0 484.0 321.0 515.0 678.0 362.0
Thallium 31.3 0.7 NRQ NRQ LT NRQ NRQ NRQ NRQ LT NRQ
Vanadium 13 39* NRQ NRQ 33.3 NRQ NRQ NRQ NRQ 44.1 NRQ
Zinc 30.2 2300* 141.0 92.6 119.0 132.0 197.0 105.0 104.0 98.3 220.0
Notes:

NR = Not reported
NRQ = Analysis not requested for this sample

LT = Less than certified reporting limit
NC = Not calculated due to an insufficient number of normally distributed 
data points

* = MSSLs adjusted downward by a factor of 10 to account for cumulative 
effects from multiple noncarcinogens acting on the same target organ.

Bold = Detected concentration
Gray highlight = Indicates a detected concentration above the selected 
screening level.
Samples ending in 'A' were collected from a depth interval of 0-1 ft. Samples
ending in 'B' were collected from a depth interval of 1-2 ft.
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TABLE 2-1
1991 USATHAMA Soil Analytical Data
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID
Sample Interval (ft)

Metals (mg/kg) Reporting Limits Screening Levels (0-10')
Aluminum 14.1 7700*
Antimony 3.8 3.1*
Arsenic 0.25 13.2
Barium 29.6 1600*
Beryllium 1.8 16*
Cadmium 3.05 3.9*
Calcium 59 -
Chromium 12.7 38
Cyanide 0.92 120*
Cobalt 15 900
Copper 58.6 290*
Iron 50 5500*
Lead 0.177 400
Magnesium 50 -
Manganese 0.275 350*
Mercury 0.05 2.3*
Nickel 12.6 130
Potassium 37.5 -
Selenium 0.25 5
Silver 2.5 34
Sodium 150 -
Thallium 31.3 0.7
Vanadium 13 39*
Zinc 30.2 2300*
Notes:

NR = Not reported
NRQ = Analysis not requested for this sample

LT = Less than certified reporting limit
NC = Not calculated due to an insufficient number of normally distributed 
data points

* = MSSLs adjusted downward by a factor of 10 to account for cumulative 
effects from multiple noncarcinogens acting on the same target organ.

Bold = Detected concentration
Gray highlight = Indicates a detected concentration above the selected 
screening level.
Samples ending in 'A' were collected from a depth interval of 0-1 ft. Samples
ending in 'B' were collected from a depth interval of 1-2 ft.

SS45B SS46A SS46B SS47A SS47B SS48A SS48B SS49A SS49B SS50A
1-2 0-1 1-2 0-1 1-2 0-1 1-2 0-1 1-2 0-1

9,320.0 7,160.0 8,710.0 11,100.0 12,000.0 11,100.0 10,400.0 9,410.0 9,440.0 9,630.0
NRQ NRQ LT NRQ LT NRQ LT NRQ NRQ NRQ
NRQ NRQ 8.44 NRQ LT NRQ LT NRQ NRQ NRQ
188.0 196.0 431.0 244.0 292.0 234.0 176.0 255.0 293.0 279.0

LT LT LT LT LT LT LT LT LT LT
LT LT LT LT LT LT LT LT LT LT

19,600.0 15,900.0 8,880.0 8,880.0 5,020.0 24,800.0 14,700.0 12,800.0 12,000.0 9,780.0
LT LT LT LT LT LT LT LT LT LT

NRQ NRQ LT NRQ LT NRQ LT NRQ NRQ NRQ
NRQ NRQ LT NRQ LT NRQ LT NRQ NRQ NRQ
LT LT LT LT LT LT LT LT LT LT

14,700.0 15,100.0 6,000.0 17,100.0 19,100.0 18,600.0 15,400.0 16,500.0 17,800.0 4,600.0
15.9 18.3 71.9 94.5 18.8 40.7 11.9 23.4 65.9 25.7

3,860.0 10,200.0 5,020.0 5,000.0 4,010.0 4,760.0 5,870.0 5,930.0 4,720.0 4,960.0
795.0 1,070.0 921.0 991.0 1,030.0 863 597.0 1,040.0 1,120.0 1,050.0

LT LT LT LT LT LT LT LT LT LT
24.9 27.9 28.3 29.0 31.2 28.3 LT 29.9 30.5 27.0
928.0 1,100.0 1,400.0 1,400.0 1,320.0 1,530.0 891.0 1,930.0 2,220.0 1,460.0
NRQ NRQ LT NRQ LT NRQ LT NRQ NRQ NRQ
LT LT LT LT LT LT LT LT LT LT

444.0 609.0 440.0 346.0 419.0 364.0 378.0 435.0 461.0 484.0
NRQ NRQ LT NRQ LT NRQ LT NRQ NRQ NRQ
NRQ NRQ 42.5 NRQ 50.2 NRQ 46.1 NRQ NRQ NRQ
94.1 84.6 177.0 152.0 107.0 137.0 72.9 109.0 164.0 102.0
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TABLE 2-1
1991 USATHAMA Soil Analytical Data
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID
Sample Interval (ft)

Metals (mg/kg) Reporting Limits Screening Levels (0-10')
Aluminum 14.1 7700*
Antimony 3.8 3.1*
Arsenic 0.25 13.2
Barium 29.6 1600*
Beryllium 1.8 16*
Cadmium 3.05 3.9*
Calcium 59 -
Chromium 12.7 38
Cyanide 0.92 120*
Cobalt 15 900
Copper 58.6 290*
Iron 50 5500*
Lead 0.177 400
Magnesium 50 -
Manganese 0.275 350*
Mercury 0.05 2.3*
Nickel 12.6 130
Potassium 37.5 -
Selenium 0.25 5
Silver 2.5 34
Sodium 150 -
Thallium 31.3 0.7
Vanadium 13 39*
Zinc 30.2 2300*
Notes:

NR = Not reported
NRQ = Analysis not requested for this sample

LT = Less than certified reporting limit
NC = Not calculated due to an insufficient number of normally distributed 
data points

* = MSSLs adjusted downward by a factor of 10 to account for cumulative 
effects from multiple noncarcinogens acting on the same target organ.

Bold = Detected concentration
Gray highlight = Indicates a detected concentration above the selected 
screening level.
Samples ending in 'A' were collected from a depth interval of 0-1 ft. Samples
ending in 'B' were collected from a depth interval of 1-2 ft.

SS50B SS51A SS51B SS52A SS52B SS53A SS53B SS54A SS54B
1-2 0-1 1-2 0-1 1-2 0-1 1-2 0-1 1-2

9,590.0 10,700.0 10,500.0 8,570.0 NR 13,700.0 11,700.0 11,800.0 10,900.0
NRQ NRQ LT NRQ NR NRQ LT NRQ LT
NRQ NRQ LT NRQ 10.0 NRQ 9.62 NRQ 7.37
230.0 243.0 205.0 216.0 NR 313.0 283.0 233.0 211.0

LT LT LT LT LT LT LT LT LT
LT LT LT LT LT LT LT LT LT

7,070.0 7,520.0 9,020.0 5,810.0 10,060.0 10,500.0 15,000.0 23,300.0 12,700.0
LT LT LT LT LT LT LT LT LT

NRQ NRQ LT NRQ LT NRQ LT NRQ LT
NRQ NRQ LT NRQ LT NRQ LT NRQ LT
LT LT LT LT LT LT LT LT LT

15,900.0 17,500.0 16,700.0 4,900.0 16,100.0 19,800.0 18,100.0 17,700.0 17,200.0
17.9 26.2 23.8 28.9 14.9 21.6 23.6 52.4 23.3

4,250.0 5,000.0 4,140.0 3,000.0 4,510.0 5,680.0 5,990.0 7,710.0 5,500.0
978.0 964.0 927.0 1,050.0 905.0 1,140.0 1,080.0 956.0 954.0

LT LT LT LT LT LT LT LT LT
25.6 29.5 25.7 LT 29.2 30.8 30.5 27.9 48.6

1,160.0 1,290.0 998.0 1,230.0 1,240.0 1,690.0 1,420.0 1,390.0 1,130.0
NRQ NRQ LT NRQ LT NRQ LT NRQ LT
LT LT LT LT LT LT LT LT LT

495.0 443.0 371.0 354.0 412.0 459.0 462.0 492.0 627.0
NRQ NRQ LT NRQ LT NRQ LT NRQ LT
NRQ NRQ 48.7 NRQ 51.2 NRQ 48.0 NRQ 49.4
92.5 107.0 87.5 118.0 91.9 110.0 109.0 112.0 86.1

Page 4 of 6



TABLE 2-1
1991 USATHAMA Soil Analytical Data
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID SS55A
Sample Interval (ft) 0-1

PCBs (mg/kg) Reporting Limit TSCA
PCB 1260 33 1 18,200.0
Notes:
Bold = Detected concentration
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TABLE 2-1
1991 USATHAMA Soil Analytical Data
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID SS41A SS44B SS46B SS47B SS48B SS51B SS52B SS53B SS54B
Sample Interval (ft) 0-1 1-2 1-2 1-2 1-2 1-2 1-2 1-2 1-2

SVOCs (µg/kg) Reporting Limits Screening Levels (0-10')
Anthracene 30 2200000* LT LT LT NRQ LT 100.0 LT 80.0 LT
Benz[a]anthracene 170 887 LT LT LT NRQ LT 290.0 LT 210.0 170.0
Benz[b]fluoranthene 210 626 LT LT LT NRQ LT 480.0 LT 390.0 LT
Benzo[k]fluoranthene 70 1,500 LT LT LT NRQ LT 150.0 LT 130.0 80.0
Chrysene 120 15,000 LT LT LT NRQ 270.0 530.0 220.0 450.0 290.0
Fluoranthene 70 230000* 110 110 LT LT 340.0 910.0 290.0 760.0 450.0
Phenanthrene 30 1,040 LT LT LT NRQ 140.0 600.0 130.0 470.0 160.0
Pyrene 30 230000* 100 90.0 LT LT 270.0 650.0 220.0 520.0 360.0
Notes:
Bold = Detected concentration

LT = Less than certified reporting limit
NRQ = Analysis not requested for this sample

Samples ending in 'A' were collected from a depth interval of 0-1 ft. Samples ending 
in 'B' were collected from a depth interval of 1-2 ft.

* = MSSLs adjusted downward by a factor of 10 to account for cumulative effects 
from multiple noncarcinogens acting on the same target organ.
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TABLE 2-2
1998 HARZA Soil Analytical Data
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID NS02A NS02B NS03A NS03B NS05A NS05B NS07A NS07B NS08A
Sample Interval (ft) 0-1 1-2 0-1 1-2 0-1 1-2 0-1 1-2 0-1

Metals (mg/kg) Screening Levels (0-10') Screening Levels2 ( >10')
Arsenic 13.2 1.8 14.5 5.0 44.0 15.9 11.4 7.1 13.6 11.5 67.7
Barium 1600* 100,000 141.0 209.0 123.0 109.0 109.0 79.3 130.0 141.0 144.0
Cadmium 3.9* 56* ND ND 0.74 ND 0.72 0.61 ND ND ND
Chromium 38 500 19.8 15.9 21.5 17.4 20.0 22.5 16.0 14.1 16.6
Lead 400 800 48.8 51.4 5,840 87.3 102.0 185.0 20.5 32.3 56.6
Mercury 2.3* 34* ND ND ND ND ND ND ND ND ND
Selenium 5 570* ND ND ND ND ND ND ND ND ND
Silver 34 570* ND ND 1.3 0.72 23.2 82.6 ND ND ND
Notes:
Bold = Detected concentration
Gray highlight = Indicates a detected concentration above the selected 
screening level
Samples ending in 'A' were collected from a depth interval of 0-1 ft. Samples 
ending in 'B' were collected from a depth interval of 1-2 ft.
NC = Not calculated due to an insufficient number of normally distributed data 
points
ND = Chemical not detected

* = MSSLs adjusted downward by a factor of 10 to account for cumulative 
effects from multiple noncarcinogens acting on the same target organ.
2 = Screening value based on USEPA Region 6 MSSLs for industrial outdoor 
worker. 

NS01A, NS01B, NS04A, NS04B, NS06A and NS06B were not analyzed
NS10, NS15, SN16 and NS17 are sediment samples
NS14A = Sample collected at 6-8' bgs
NS14B = Sample collected at 16-18' bgs
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TABLE 2-2
1998 HARZA Soil Analytical Data
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID
Sample Interval (ft)

Metals (mg/kg) Screening Levels (0-10') Screening Levels2 ( >10')
Arsenic 13.2 1.8
Barium 1600* 100,000
Cadmium 3.9* 56*
Chromium 38 500
Lead 400 800
Mercury 2.3* 34*
Selenium 5 570*
Silver 34 570*
Notes:
Bold = Detected concentration
Gray highlight = Indicates a detected concentration above the selected 
screening level
Samples ending in 'A' were collected from a depth interval of 0-1 ft. Samples 
ending in 'B' were collected from a depth interval of 1-2 ft.
NC = Not calculated due to an insufficient number of normally distributed data 
points
ND = Chemical not detected

* = MSSLs adjusted downward by a factor of 10 to account for cumulative 
effects from multiple noncarcinogens acting on the same target organ.
2 = Screening value based on USEPA Region 6 MSSLs for industrial outdoor 
worker. 

NS01A, NS01B, NS04A, NS04B, NS06A and NS06B were not analyzed
NS10, NS15, SN16 and NS17 are sediment samples
NS14A = Sample collected at 6-8' bgs
NS14B = Sample collected at 16-18' bgs

NS08B NS09A NS09B NS11A NS11B NS12A NS12B NS13A NS13B
1-2 0-1 1-2 0-1 1-2 0-1 1-2 0-1 1-2

16.7 5.3 7.5 10.1 7.8 9.9 7.4 11.4 6.3
153.0 148.0 128.0 196.0 130.0 178.0 152.0 723.0 179.0

ND ND ND 2.1 ND 0.97 ND 1.8 ND
16.9 18.3 20.3 18.6 15.8 15.2 13.2 22.1 16.4
32.6 40.5 17.4 335 15.2 88.7 30.3 206 27.7
ND ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND ND
ND 0.65 0.67 0.76 ND 0.7 ND 0.68 ND
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TABLE 2-2
1998 HARZA Soil Analytical Data
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID
Sample Interval (ft)

Metals (mg/kg) Screening Levels (0-10') Screening Levels2 ( >10')
Arsenic 13.2 1.8
Barium 1600* 100,000
Cadmium 3.9* 56*
Chromium 38 500
Lead 400 800
Mercury 2.3* 34*
Selenium 5 570*
Silver 34 570*
Notes:
Bold = Detected concentration
Gray highlight = Indicates a detected concentration above the selected 
screening level
Samples ending in 'A' were collected from a depth interval of 0-1 ft. Samples 
ending in 'B' were collected from a depth interval of 1-2 ft.
NC = Not calculated due to an insufficient number of normally distributed data 
points
ND = Chemical not detected

* = MSSLs adjusted downward by a factor of 10 to account for cumulative 
effects from multiple noncarcinogens acting on the same target organ.
2 = Screening value based on USEPA Region 6 MSSLs for industrial outdoor 
worker. 

NS01A, NS01B, NS04A, NS04B, NS06A and NS06B were not analyzed
NS10, NS15, SN16 and NS17 are sediment samples
NS14A = Sample collected at 6-8' bgs
NS14B = Sample collected at 16-18' bgs

NS14A NS14B
6-8 16-18

7.8 7.3
137.0 86.4

ND ND
14.7 12.8
13.7 7.3
ND ND
ND ND
ND 0.69
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TABLE 2-2
1998 HARZA Soil Analytical Data
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID NS02B NS03A NS03B NS05B NS07A NS07B NS08A NS08B
Sample Interval (ft) 1-2 0-1 1-2 1-2 0-1 1-2 0-1 1-2

SVOCs (µg/kg) Reporting Limits Screening Levels (0-10')
Benzo(b)flouranthene 408 2,300 134.0 161.0 104.0 NR 392.0 117.0 172.0 255.0
Benzo(k)flouranthene 408 23,000 105.0 137.0 79.2 NR 310.0 NR 92.0 180.0
Benzo(a)pyrene 408 230 107.0 130.0 89.2 65.9 301.0 90.9 124.0 212.0
Indeno(1,2,3-cd)pyrene - 2,300 64.2 69.4 NR NR 143.0 NR NR NR
Benzo(g,h,i)perylene - 478 NR NR NR NR 137.0 NR NR 105.0
Notes:
Bold = Detected concentration

NR = Not reported

Samples ending in 'A' were collected from a depth interval of 0-1 ft. Samples ending in 
'B' were collected from a depth interval of 1-2 ft.
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TABLE 2-3
2001 TapanAm Soil Analytical Data
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID SS-218A-1 SS-218A-2 SS-218C-1 SS-218A-3 SS-218B-1 SS-218B-2 SS-218C-2 SS-218C-3 SS-219A-1 SS-219A-2 SS-219A-3 SS-219B

Sample Interval (ft) 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1
Metals (mg/kg) Screening Levels (0-10') Screening Levels2 ( >10')

Aluminum 7,700* 100,000 8,148.0 6,133.0 6,987.0 8,982.0 7,570.0 7,756.0 8,492.0 7,972.0 9,152.0 8,808 J 8,967.0 J 8,438.0
Antimony 3.1* 45* ND ND ND ND ND ND ND ND ND 2.59 J ND 6.9
Arsenic 13.2 1.8 8.25 6.23 6.65 6.71 ND ND ND ND ND 6.67 J 4.93 108.0
Barium 1,600* 100,000 205 128 107 184.0 182.0 178.0 215.0 193.0 0.0 149 129.0 135.0
Beryllium 16* 220* 0.592 0.511 J 0.428 J 0.526 J 0.501 J 0.467 J 0.523 J 0.471 J 0.538 0.517 J 0.528 J 0.531
Cadmium 3.9* 56* 1.28 3.29 0.851 1.52 1.96 1.16 1.65 0.834 0.701 0.493 J 0.409 J 1.22
Calcium - - 18,438.0 5,180.0 28,032.0 3,603.0 5,945.0 4,348.0 14,555.0 3,590.0 4,691.0 5,166.0 3,519.0 3,991.0
Chromium 38 500 14.5 28.5 12.1 13.7 17.4 19.2 21.2 11.8 15.8 14.2 15 14.8
Cobalt 900 2,100 8.78 8.4 6.34 9.82 8.73 8.44 9.48 8.71 8.54 8.54 8.12 10.2
Copper 290* 4,200* 59.6 2,565.0 29.1 62.9 143.0 35.6 107.0 36.4 27.1 21.1 17.4 24.5
Iron 5,500* 100,000 16,703.0 11,494.0 11,678.0 16,445.0 15,232.0 15,068.0 17,530.0 15,446.0 16,282.0 16,790.0 15,617.0 15,861.0
Lead 400 800 151 2,724.0 86.7 154.0 299.0 165.0 445.0 74.1 83.2 35.1 27.7 363.0
Magnesium - - 5,925.0 1,799.0 12,698.0 2,520.0 2,978.0 2,615.0 5,076.0 2,608.0 2,608.0 3,500.0 2,149.0 2,204.0
Manganese 350* 3,500* 787 501 460 750.0 530.0 649.0 617.0 708.0 610.0 667.0 581.0 662.0
Mercury 2.3* 34* ND ND ND ND 0.068 J ND 0.06 ND 0.056 J 0.057 J ND ND
Nickel 130 2,300* 17.8 15.2 12.9 19.9 18.0 18.0 18.7 19.5 18.2 19.2 16.8 18.3
Potassium - - 1,326.0 830 1,108.0 1,308.0 1,403.0 1193 1115 1,379.0 1,530.0 1,449.0 1,406.0 873.0
Selenium 5 570* ND ND ND ND ND ND ND ND ND ND ND ND
Silver 34 570* ND ND ND ND ND ND ND ND ND ND ND ND
Sodium - - 66.2 52.3 106 57J 43 J 57 J 58.2 53.2 49.0 46.3 J 51.4 J 65.1 J
Thallium 0.7 79 8.64 J ND 2.74 7.67 ND 5.78 J ND 1.94 ND ND ND ND
Vanadium 39* 570* 22.7 22.9 19.6 24.5 22.5 22.9 23.7 22.2 27.2 26.3 26.5 25.5
Zinc 2,300* 100,000 127 359 88.4 117.0 277.0 128.0 379.0 102.0 191.0 83.7 64.8 90.6
Notes:

NA = Sample interval was not available
NC = Not calculated due to an insufficient number of normally distributed data 
points

* = MSSLs adjusted downward by a factor of 10 to account for cumulative effects 
from multiple noncarcinogens acting on the same target organ.
2 = Screening value based on USEPA Region 6 MSSLs for industrial outdoor 
worker. 

ND = Chemical not detected

Bold = Detected concentration

B = Blank detection
J = Reported value is estimated

Gray highlight = Indicates a detected concentration above the selected screening 
level.
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TABLE 2-3
2001 TapanAm Soil Analytical Data
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID

Sample Interval (ft)
Metals (mg/kg) Screening Levels (0-10') Screening Levels2 ( >10')

Aluminum 7,700* 100,000
Antimony 3.1* 45*
Arsenic 13.2 1.8
Barium 1,600* 100,000
Beryllium 16* 220*
Cadmium 3.9* 56*
Calcium - -
Chromium 38 500
Cobalt 900 2,100
Copper 290* 4,200*
Iron 5,500* 100,000
Lead 400 800
Magnesium - -
Manganese 350* 3,500*
Mercury 2.3* 34*
Nickel 130 2,300*
Potassium - -
Selenium 5 570*
Silver 34 570*
Sodium - -
Thallium 0.7 79
Vanadium 39* 570*
Zinc 2,300* 100,000
Notes:

NA = Sample interval was not available
NC = Not calculated due to an insufficient number of normally distributed data 
points

* = MSSLs adjusted downward by a factor of 10 to account for cumulative effects 
from multiple noncarcinogens acting on the same target organ.
2 = Screening value based on USEPA Region 6 MSSLs for industrial outdoor 
worker. 

ND = Chemical not detected

Bold = Detected concentration

B = Blank detection
J = Reported value is estimated

Gray highlight = Indicates a detected concentration above the selected screening 
level.

SS-219C SS-219D-1 SS-219D-2 SS-219D-3 SS-219E SS-219G-1 SS-219G-2 SS-219G-3 SS-219H SS-219J-1 SS-BAK1 SS-BAK2

0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 NA NA

9,780.0 8,885.0 8,095.0 7,516.0 8,960.0 8,925.0 8,431.0 11,990.0 8,799.0 8,488.0 5,114.0 5,126.0
ND ND ND 2.14 J ND ND ND ND 2.2 J 5.73 J ND ND
68.8 ND ND ND 23.5 5.1 J 7.3 J 6.63 J ND 4.93 J 3.93 J 6.13

125.0 157.0 178.0 114.0 129.0 141.0 161.0 154.0 114.0 206.0 140.0 126.0
0.558 0.556 0.629 0.482 0.538 0.552 J 0.56 0.632 0.532 0.505 J 0.341 0.358 J
0.721 0.592 0.728 0.43 J 0.853 0.618 0.694 ND 0.314 J 1.72 0.728 0.655

3,979.0 3,412.0 3,009.0 2,797.0 15,838 B 3,886.0 3,948.0 2,544.0 3,612.0 12,223.0 4,455.0 B 2,404.0 B
15.5 15.6 13.7 13.2 16.2 15.3 14.9 17.0 16.0 18.6 9.08 9.87
8.5 9.28 9.64 7.3 8.78 8.52 9.01 10.2 8.73 8.95 8.21 7.7
18.8 21.1 20.3 14.5 34.3 23.9 192 17.6 19.9 129.0 12.4 13.0

16,173.0 16,681.0 14,422.0 13,876.0 15,913.0 16,523.0 16,074.0 19,388.0 16,267.0 15,810.0 9,693.0 9,683.0
33.1 43.6 112.0 38.6 164.0 43.9 137.0 20.0 69.6 1,118.0 37.3 53.5

2,162.0 2,427.0 1,898.0 1,852.0 4,417.0 2,288.0 2,376.0 2,595.0 2,057.0 5,255.0 1,673.0 1,212.0
600.0 682.0 763.0 562.0 617.0 601.0 683.0 708.0 516.0 639.0 1128 1,132.0
ND 0.054 J ND ND 0.57 J ND ND ND ND 0.068 J ND ND
16.8 18.7 15.8 15.2 17.2 19.1 18.7 21.0 18.5 19.8 11.0 10.9

782.0 1421 980.0 1,136.0 998.0 1,194.0 1,337.0 1,144.0 693.0 1,165.0 981.0 816.0
ND ND ND ND ND ND ND ND ND ND ND 4.52 J
ND ND ND ND 4 ND ND ND ND 0.9 J ND ND

57.3 J 42.8J 41.9 J 32.2 J 54.8 J 45 J 39.1 J 53.5 J 46.6 J 63.2 J 46.3 J 28.5 J
2.64 J ND ND ND 4.52 J ND ND ND 2.18 J ND 2.68 J ND
28.0 28.2 24.4 22.7 25.2 27.9 26.3 31.4 25.9 22.7 16.8 16.8
53.8 94.7 106 64.8 110 B 88.8 86.7 56.7 81.7 343.0 61.3 B 64.2 J
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TABLE 2-3
2001 TapanAm Soil Analytical Data
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID

Sample Interval (ft)
Metals (mg/kg) Screening Levels (0-10') Screening Levels2 ( >10')

Aluminum 7,700* 100,000
Antimony 3.1* 45*
Arsenic 13.2 1.8
Barium 1,600* 100,000
Beryllium 16* 220*
Cadmium 3.9* 56*
Calcium - -
Chromium 38 500
Cobalt 900 2,100
Copper 290* 4,200*
Iron 5,500* 100,000
Lead 400 800
Magnesium - -
Manganese 350* 3,500*
Mercury 2.3* 34*
Nickel 130 2,300*
Potassium - -
Selenium 5 570*
Silver 34 570*
Sodium - -
Thallium 0.7 79
Vanadium 39* 570*
Zinc 2,300* 100,000
Notes:

NA = Sample interval was not available
NC = Not calculated due to an insufficient number of normally distributed data 
points

* = MSSLs adjusted downward by a factor of 10 to account for cumulative effects 
from multiple noncarcinogens acting on the same target organ.
2 = Screening value based on USEPA Region 6 MSSLs for industrial outdoor 
worker. 

ND = Chemical not detected

Bold = Detected concentration

B = Blank detection
J = Reported value is estimated

Gray highlight = Indicates a detected concentration above the selected screening 
level.

SS-BAK3 SS-220-1 SS-220-2 SS-220-3 SS-220-4 SS-227A-1 SS-227B-1 SS-227J-1 SS-227O-1 SS-227M-1 SS-228A-1 SS-228B-1

NA 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1

7,947.0 6,333.0 8148 7,896.0 8,681.0 8,259.0 7,519.0 7,052.0 6,292.0 8,300.0 7,960.0 6,794.0
ND ND ND ND ND ND 4.24 J ND 14.1 ND 2.86 J 3.15 J
ND ND ND 8.08 J 4.38 J 11.7 J ND 6.74 J 16.5 5.12 J 18.9 16.5

151.0 122.0 124.0 153.0 145.0 87.9 96.9 123.0 191.0 133.0 132.0 120.0
0.461 0.452 J 0.603 0.54 0.563 0.615 J 0.537 J 0.476 J 0.492 J 0.535 0.509 J 0.484 J

0.483 J 1.03 0.859 1.32 0.873 0.898 J ND 0.976 1.63 0.835 ND 1.03
1,599.0 B 4,186.0 B 4,987.0 B 4,322.0 B 4,067.0 B 41,580.0 48,162.0 6,635.0 29,036.0 11,796.0 18,073.0 31,578.0

10.7 11.7 20.8 14.9 18.9 16.8 15.2 13.7 20.0 15.7 13.5 13.0
8.93 8.23 8.23 9.42 8.95 9.68 J 7.08 J 8.31 7.95 9.05 7.27 7.45
11.2 21.8 18.8 37 J 38.0 30.2 18.1 25.1 77.2 34.4 22.7 25.4

14,062.0 12,153.0 15,683.0 15,873.0 15,493.0 16,529.0 13,277.0 13,749.0 12,936.0 15,513.0 14,484.0 12,305.0
19.6 100 65 510 J 134.0 120.0 44.7 126.0 304.2 103.0 73.9 1,416.0

1,768.0 1,806.0 2,342.0 2,568.0 2,426.0 8,637.0 7,370.0 2,577.0 6,316.0 3,280.0 4,531.0 5,872.0
791.0 676.0 591.0 622.0 665.0 611.0 483.0 558.0 509.0 619.0 551.0 502.0
ND ND ND ND 0.079 J ND ND ND 0.054 J 0.075 J ND ND
13.3 13.5 17.1 16.5 18.2 19.9 15.5 15.8 15.6 18.0 16.9 16.9

751.0 1112 1115 927.0 880.0 1080 974 J 1,353.0 970.0 1,001.0 1,015.0 1,385.0
3.98 J 6.42 J ND 5.65 J ND ND ND ND ND ND ND ND

ND ND ND ND ND ND ND ND ND ND ND ND
39.6 J 36J 49.6 J 60.1 J 43.6 J 66.6 J 65.1 J 54.2 J 54.1 J 56.6 J 63.2 J 59.2 J
2.14 J 2.36 J ND ND 2.23 J ND ND 4.66 J ND 5.07 J ND ND
21.9 20.4 27.4 24.7 27.1 24.3 21.9 22.2 20.3 25.1 22.7 19.9

20.1 B 106.0 B 86.5 B 213.0 B 117.0 B 1,305 77.6 193.0 323.0 116.0 182.0 177.0
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TABLE 2-3
2001 TapanAm Soil Analytical Data
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID

Sample Interval (ft)
Metals (mg/kg) Screening Levels (0-10') Screening Levels2 ( >10')

Aluminum 7,700* 100,000
Antimony 3.1* 45*
Arsenic 13.2 1.8
Barium 1,600* 100,000
Beryllium 16* 220*
Cadmium 3.9* 56*
Calcium - -
Chromium 38 500
Cobalt 900 2,100
Copper 290* 4,200*
Iron 5,500* 100,000
Lead 400 800
Magnesium - -
Manganese 350* 3,500*
Mercury 2.3* 34*
Nickel 130 2,300*
Potassium - -
Selenium 5 570*
Silver 34 570*
Sodium - -
Thallium 0.7 79
Vanadium 39* 570*
Zinc 2,300* 100,000
Notes:

NA = Sample interval was not available
NC = Not calculated due to an insufficient number of normally distributed data 
points

* = MSSLs adjusted downward by a factor of 10 to account for cumulative effects 
from multiple noncarcinogens acting on the same target organ.
2 = Screening value based on USEPA Region 6 MSSLs for industrial outdoor 
worker. 

ND = Chemical not detected

Bold = Detected concentration

B = Blank detection
J = Reported value is estimated

Gray highlight = Indicates a detected concentration above the selected screening 
level.

SS-228C-1 SS-228D-1 SS-228E-1 SS-228F-1 SS-228G-1 SS-228M-1 SS-228WX-1 SS-228YZ-1 SS-236-1 SS-DPILE-1 PW12 PW13

0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 NA 7-8 7-8

6,105.0 7,580.0 5,500.0 6,563.0 6,840.0 7,845.0 7,157.0 7,197.0 7,775.0 6,902.0 8,325.0 14,655.0
2.76 J ND ND ND ND ND ND ND ND ND ND ND
13.6 ND 13.7 J ND ND ND ND ND 14.2 11.0 J 8.59 J ND
98.3 99.9 101.0 80 J 102.0 122.0 127.0 108.0 136.0 141.0 93.6 168.0

0.461 J 0.453 J 0.416 J 0.425 J 0.457 J 0.507 J 0.463 J 0.477 0.581 0.509 J 0.364 J 0.986
0.916 1.07 1.09 ND 1.27 ND 1.49 3.17 0.779 0.693 J 0.529 0.709

32,412.0 58,763.0 34,375.0 80,321.0 44,598.0 46,341.0 50,160.0 63,774.0 4,757.0 40,449.0 2,364.0 4,448.0
14.5 13.8 10.6 12.2 14.1 15.2 16.1 19.7 15.2 13.0 13.2 20.3
6.94 7.2 J 7.49 J 6.61 J 7.11 J 8.62 J 7.44 J 8.49 J 11.6 8.61 J 5.13 12.6
26.2 24.7 30.8 18.9 29.5 20.5 50.5 150.0 22.0 23.0 9.03 17.4

11,621.0 12,777.0 11,050.0 10,659.0 11,899.0 13,941.0 12,174.0 14,610.0 14,793.0 13,835.0 17,437.0 22,519.0
371.0 68.8 245.0 85.9 159 63.5 155.0 610.0 117.0 97.1 7.37 J 11.0

6,999.0 20,570.0 8,727.0 14,009.0 9,275.0 10,785.0 9,127.0 13,520.0 2,177.0 7,786.0 1,927.0 3,093.0
472.0 461.0 B 602.0 463.0 440.0 512 B 529B 518B 546.0 624.0 306 B 695.0 B

0.055 J ND 0.05 J ND ND ND 0.08 J 0.058 J 0.056 J ND ND ND
15.9 14.8 14.0 15.2 J 15.5 14.6 13.7 16.7 18.3 15.4 11.1 24.4

1,154.0 970.0 J 916.0 1008 J 1,228.0 1,679.0 1,272.0 1,049.0 J 10,923.0 683.0 J 482.0 688.0
ND ND ND ND ND ND ND 12.4 J ND ND ND ND
ND ND ND ND ND ND ND ND ND ND ND ND

53.6 J 216.0 J 53.2 J 74 J 77.9 J 94.8 J 63.6 J 81.4 J 42.6 J 57.2 J 37.8 J 76.6 J
ND ND ND ND ND ND ND ND ND ND 3.62 J 5.19 J
18.8 19.4 15.9 16.4 J 20.0 23.3 21.3 20.3 24.4 21.7 22.0 32.9

285.0 337.0 B 215.0 111.0 243.0 152.0 B 262.0 B 1,001.0 B 170.0 143.0 29.2 B 52.1 B
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TABLE 2-3
2001 TapanAm Soil Analytical Data
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID

Sample Interval (ft)
Metals (mg/kg) Screening Levels (0-10') Screening Levels2 ( >10')

Aluminum 7,700* 100,000
Antimony 3.1* 45*
Arsenic 13.2 1.8
Barium 1,600* 100,000
Beryllium 16* 220*
Cadmium 3.9* 56*
Calcium - -
Chromium 38 500
Cobalt 900 2,100
Copper 290* 4,200*
Iron 5,500* 100,000
Lead 400 800
Magnesium - -
Manganese 350* 3,500*
Mercury 2.3* 34*
Nickel 130 2,300*
Potassium - -
Selenium 5 570*
Silver 34 570*
Sodium - -
Thallium 0.7 79
Vanadium 39* 570*
Zinc 2,300* 100,000
Notes:

NA = Sample interval was not available
NC = Not calculated due to an insufficient number of normally distributed data 
points

* = MSSLs adjusted downward by a factor of 10 to account for cumulative effects 
from multiple noncarcinogens acting on the same target organ.
2 = Screening value based on USEPA Region 6 MSSLs for industrial outdoor 
worker. 

ND = Chemical not detected

Bold = Detected concentration

B = Blank detection
J = Reported value is estimated

Gray highlight = Indicates a detected concentration above the selected screening 
level.

SEW1 SEW2 SEW3

26.5-27.5 28-29 20.5-21

13,898.0 9,275.0 12,149.0
ND ND ND
ND 8.37 J 15.8
61.7 67.1 301.0

0.603 0.373 J 0.564
0.321 J 0.363 J 0.737
2,223.0 3,017.0 2,163.0

20.9 16.9 16.6
3.15 J 11.9 13.1
8.77 10.5 18.5

14,076.0 11,585.0 16,329.0
8.84 J 7.89 J 30.2
1,873.0 2,617.0 2,477.0
47.6 B 147.0 B 952.0 B

ND ND 0.073 J
10.6 12.0 19.3

495.0 523.0 1,440.0
ND ND ND
ND ND ND

63.7 J 111 J 102 J
ND 3.06 J 4.81 J
22.2 23.9 30.1

22.2 B 36.1 B 68.6 B
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TABLE 2-4
2001 TapanAm Groundwater Analytical Data
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID MW-101 MW-102 MW-103 MW-104 MW-105 DP-1 DP-2 DP-3 DP-4 DP-5

Metals (mg/L) Screening Levels
Aluminum 3.7* 0.458 ND ND 0.12 J ND 4.944 8.56 0.222 J 1.95 0.91
Antimony 0.0015* ND ND ND ND ND NR NR NR NR NR
Arsenic 0.045 ND ND ND ND ND 0.035 0.018 NR 0.029 NR
Barium 0.73* 0.552 0.202 J 0.0831 J 0.055 J 0.072 J 0.487 0.436 0.17 0.257 J 0.111 J
Beryllium 0.0073* ND ND ND ND ND NR NR NR NR NR
Cadmium 0.0018* ND ND ND ND ND NR NR NR NR NR
Calcium - 121.0 87.6 151.0 130.0 33.4 82.5 109.0 108.0 114.0 52.4
Chromium - 0.011 J ND ND ND ND 0.0116 J 0.0168 J NR NR NR
Cobalt 0.073 0.0168 J ND 0.0153 J ND ND 0.0159 J 0.0105 J NR 0.014 J NR
Copper 0.14* ND ND ND ND ND 0.0138 J 0.0931 NR NR NR
Iron 2.6* 61.0 1.84 3.02 0.85 0.21 33.7 47.4 0.358 12.8 0.833
Lead 0.015 ND ND ND ND ND 0.0141 0.0869 J NR 0.004 J 0.004 J
Magnesium - 56.2 44.3 69.1 52.1 12.9 34.2 46.8 41.5 47.6 19.7
Manganese 0.17* 15.2 J 9.05 11.7 9.41 0.131 8.68 6.47 1.18 3.6 0.0633
Mercury 0.00068 NRQ NRQ NRQ NRQ NRQ NR NR NR NR NR
Nickel 0.073* 0.0184 J ND 0.0227 J ND ND 0.0163 J NR NR NR NR
Postassium - ND ND 2.62 J 2.61 J ND 4.51 J 5.79 J NR NR NR
Selenium 0.018* ND ND ND ND ND 0.008 0.005 0.004 J 0.004 J 0.0024 J
Silver 0.018* ND ND ND ND ND NRQ NRQ NRQ NRQ NRQ
Sodium - 77.0 79.3 82.1 58.5 23.6 67.6 74.9 57.5 53.9 17.9
Thallium 0.0026* ND ND ND ND ND 0.016 NR 0.0024 J 0.0021 J 0.0024 J
Vanadium 0.018* ND ND ND ND ND 0.0133 J 0.0192 J NR NR NR 
Zinc 1.1* ND ND ND ND ND 0.0473 0.276 NR 0.0227 J 0.01
Notes:

ND = Chemical not detected
NR = Not reported
NRQ =  Analysis not requested for this sample

* = MSSLs adjusted downward by a factor of 10 to account for 
cumulative effects from multiple noncarcinogens acting on the 
same target organ.

Bold = Detected concentration

Gray highlight = Indicates a detected concentration above 
selected screening level

E = Detected at levels in excess of the upper calibration limit
J = Reported value is estimated
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TABLE 2-4
2001 TapanAm Groundwater Analytical Data
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID

Metals (mg/L) Screening Levels
Aluminum 3.7*
Antimony 0.0015*
Arsenic 0.045
Barium 0.73*
Beryllium 0.0073*
Cadmium 0.0018*
Calcium -
Chromium -
Cobalt 0.073
Copper 0.14*
Iron 2.6*
Lead 0.015
Magnesium -
Manganese 0.17*
Mercury 0.00068
Nickel 0.073*
Postassium -
Selenium 0.018*
Silver 0.018*
Sodium -
Thallium 0.0026*
Vanadium 0.018*
Zinc 1.1*
Notes:

ND = Chemical not detected
NR = Not reported
NRQ =  Analysis not requested for this sample

* = MSSLs adjusted downward by a factor of 10 to account for 
cumulative effects from multiple noncarcinogens acting on the 
same target organ.

Bold = Detected concentration

Gray highlight = Indicates a detected concentration above 
selected screening level

E = Detected at levels in excess of the upper calibration limit
J = Reported value is estimated

DP-6 DP-7 DP-10 DP-13 DP-15

0.223 J 6.0 4.41 901.0 23.3
NR NR NR NR 0.0431 J

0.004 J 0.151 J 0.0773 J 1.01 0.306
0.0628 J 0.235 J 0.171 J 13.0 0.258 J

NR NR NR 0.053 0.00155 J
NR NR NR 0.031 J NR

131.0 128.0 132.0 556.0 77.3
NR 0.0192 J 0.0137 J 1.65 0.0484

0.0140 J 0.0102 J 0.0212 J 0.89 0.0286 J
NR 0.0198 J NR 1.67 0.0474 J
1.62 11.7 5.83 1,242.0 34.7

0.003 J 0.0129 0.00636 2.61 0.0216
61.0 35.3 48.9 352.0 35.5
7.66 10.7 3.68 57.2 1.61
NR NR NR 0.00209 NR

0.0280 J 0.0181 J 0.0169 J 1.79 0.0553 J
NR 5.42 J NR 58.3 3.87 J
0.01 0.0127 NR NR 0.0704 J
NRQ NRQ NRQ NRQ NRQ
41.6 28.6 80.4 95.1 37.0

0.002 J NR NR 0.0041 J NR 
NR 0.0182 J 0.0119 J 1.79 0.0503 J

0.0273 J 0.0336 J 0.0242 J 7.04 0.119
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TABLE 2-4
2001 TapanAm Groundwater Analytical Data
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID MW-101 MW-102 MW-103 MW-104 MW-105 DP-2 DP-3 DP-11

VOCs (µg/L) Screening Levels 
Acetone 550* NR NR NR NR NR ND ND 11.81
Benzene 0.35 0.87 J ND 0.27 J ND ND NRQ NRQ NRQ
Carbon disulfide 100* ND ND ND ND 0.35 J ND 0.44 J ND
Toluene 230* ND ND 2.78 J ND ND NRQ NRQ NRQ
cis-1,2-Dichloroethene 6.1* 76.3 E ND ND ND ND ND ND ND
trans-1,2-Dichloroethene 11* 34.4 ND ND ND ND ND ND ND
Trichloroethene 0.028 0.09 J ND ND 0.46 J ND NRQ NRQ NRQ
Vinyl chloride 0.015 1.8 J ND ND ND ND ND ND ND
1,2,4-Trimethylbenzene 1.5* NR NR NR NR NR 0.45 J ND ND
1,2-Dichloroethane 0.12 NR NR NR NR NR ND 0.61 J ND
1,3,5-Trimethylbenzene 1.2* NR NR NR NR NR 0.25 J ND ND
Notes:
Bold = Detected concentration
Gray highlight = Indicates a detected concentration above selected screening level
E = Detected at levels in excess of the upper calibration limit
J = Reported value is estimated
ND = Chemical not detected
NR = Not reported
NRQ =  Analysis not requested for this sample
* = MSSLs adjusted downward by a factor of 10 to account for cumulative effects from multiple noncarcinogens acting on the same target organ.
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TABLE 2-5
2003 Shaw Soil Analytical Data
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID GP-1 GP-2 GP-3 GP-4
Sample Interval (ft) 12-16 12-16 12-16 12-16

VOCs (µg/kg) Reporting Limits Screening Levels2 ( >10')
Acetone 10.3 6,000,000* <50 11.1 <50 <50
Benzene 0.3 1,600 <2 <2 <2 <2
Bromobenzene 0.5 12,000* <2 <2 <2 <2
Bromochloromethane 0.5 - <2 <2 <2 <2
Bromoform 0.8 240,000 <2 <2 <2 <2
Bromomethane 0.9 1,500 <2 <2 <2 <2
2-Butanone 21 3,400,000* <50 <50 <50 <50
n-Butylbenzene 0.7 240,000* <2 <2 <2 <2
sec-Butylbenzene 0.7 220,000* <2 <2 <2 <2
tert-Butylbenzene 0.6 390,000* <2 <2 <2 <2
Carbon disulfide 0.4 720,000* <2 <2 <2 <2
Carbon tetrachloride 0.6 580 <2 <2 <2 <2
Chlorobenzene 0.6 50,000* <2 <2 <2 <2
Chloroethane 1 7,200 <2 <2 <2 <2
Chloroform 0.7 580 <2 <2 <2 <2
Chloromethane 0.5 17,000* <2 <2 <2 <2
2-Chlorotoluene 0.6 510,000 <2 <2 <2 <2
4-Chlorotoluene 0.4 - <2 <2 <2 <2
1,2-Dibromo-3-chloropropane 0.7 20 <5 <5 <5 <5
Dibromochloromethane 0.6 2,600 <2 <2 <2 <2
1,2-Dibromoethane 0.6 70 <2 <2 <2 <2
Dibromomethane 0.9 59,000* <2 <2 <2 <2
1,2-Dichlorobenzene 0.4 370,000 <2 <2 <2 <2
1,3-Dichlorobenzene 0.6 14,000* <2 <2 <2 <2
1,4-Dichlorobenzene 0.5 8,100 <2 <2 <2 <2
Dichlorodifluoromethane 0.6 340,000 <2 <2 <2 <2
1,1-Dichloroethane 0.8 2,300,000 <2 <2 <2 <2
1,2-Dichloroethane 0.4 840 <2 <2 <2 <2
1,1-Dichloroethene 0.7 47,000* <2 <2 <2 <2
cis-1,2-Dichloroethene 0.4 16,000* <2 <2 <2 <2
trans-1,2-Dichloroethene 0.7 20,000* <2 <2 <2 <2
1,2-Dichloropropane 0.8 850 <2 <2 <2 <2
1,3-Dichloropropane 0.4 41,000* <2 <2 <2 <2
2,2-Dichloropropane 0.7 - <2 <2 <2 <2
1,1-Dichloropropene 0.8 - <2 <2 <2 <2
cis-1,3-Dichloropropene 0.6 - <2 <2 <2 <2
trans-1,3-Dichloropropene 0.5 - <2 <2 <2 <2
Ethylbenzene 0.5 230,000 <2 <2 <2 <2
Hexachlorobutadiene 0.5 2,500 <2 <2 <2 <2
2-Hexanone 6.5 - <1 <1 <1 <1
Isopropylbenzene 0.6 58,000* <2 <2 <2 <2
4-Isopropyltoluene (p-isopropylte) 0.7 - <2 <2 <2 <2
4-Methylene-2-pentanone 3.6 - <1 <1 <1 <1
Methylene chloride 0.7 22,000 1.7 1.9 1.9 1.6
Naphthalene 5.0 21,000* 2 <5 <5 <5
n-Propylbenzene 0.5 240,000 <2 <2 <2 <2
Styrene 0.4 1,700,000 <2 <2 <2 <2
1,1,1,2-Tetrachloroethane 0.6 7,600 <2 <2 <2 <2
1,1,2,2-Tetrachloroethane 0.7 970 <2 <2 <2 <2
Tetrachloroethene 0.5 1,700 <2 <2 <2 <2
Toluene 0.8 520,000 <2 <2 <2 <2
1,2,3-Trichlorobenzene 0.7 - <2 <2 <2 <2
1,2,4-Trichlorobenzene 0.5 26,000* <2 <2 <2 <2
1,1,1-Trichloroethane 0.8 1,400,000 <2 <2 <2 <2
1,1,2-Trichloroethane 0.5 2,100 <2 <2 <2 <2
Trichloroethene 0.6 100 <2 <2 <2 <2
1,2,3-Trichloropropane 0.7 1,600 <2 <2 <2 <2
1,2,4-Trimethylbenzene 0.8 19,000* <2 <2 <2 <2
1,3,5-Trimethylbenzene 0.6 7,800* <2 <2 <2 <2
Vinyl chloride 1 860 <2 <2 <2 <2
Xylenes (total) 1.3 210,000 <2 <2 <2 <2
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TABLE 2-5
2003 Shaw Soil Analytical Data
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID GP-1 GP-2 GP-3 GP-4
Sample Interval (ft) 12-16 12-16 12-16 12-16

VOCs (µg/kg) Reporting Limits Screening Levels2 ( >10')
Bromodichloromethane 0.9 2,600 <2 <2 <2 <2
Trichlorofluoromethane 0.5 140,000* <2 <2 <2 <2

Notes:
Bold = Detected concentration
< = Chemical not detected
* = MSSLs adjusted downward by a factor of 10 to account for cumulative effects from multiple noncarcinogens acting on the same target organ.
2 = Screening value based on USEPA Region 6 MSSLs for industrial outdoor worker. 
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TABLE 2-6
2003 Shaw Groundwater Analytical Data
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missour

Sample ID GP-1 GP-2 GP-3 GP-4

VOCs (µg/L) Reporting Limits Screening Levels
Acetone 4.7 550* 6.4 <50 <50 <50
Benzene 0.5 0.35 <2 <2 <2 <2
Bromobenzene 0.3 2.3* <2 <2 <2 <2
Bromochloromethane 0.3 - <2 <2 <2 <2
Bromoform 0.6 8.3 <2 <2 <2 <2
Bromomethane 0.6 0.87* <2 <2 <2 <2
2-Butanone 3.1 710* <25 <25 <25 <25
n-Butylbenzene 0.1 6.1* <2 <2 <2 <2
sec-butylbenzene 0.3 6.1* <2 <2 <2 <2
t-Butylbenzene 0.3 6.1* <2 <2 <2 <2
Carbon disulfide 0.2 100* <2 <2 <2 <2
Carbon tetrachloride 0.4 0.17 <2 <2 <2 <2
Chlorobenzene 0.2 9.1* <2 <2 <2 <2
Chloroethane 1.0 3.9 <2 <2 <2 <2
Chloroform 0.8 0.17 <2 <2 <2 <2
Chloromethane 0.7 19* <2 <2 <2 <2
2-Chlorotoulene 0.4 12* <2 <2 <2 <2
4-Chlorotoulene 0.5 12* <2 <2 <2 <2
1,2-Dibromo-3-chloropropane 0.7 0.0002 <5 <5 <5 <5
Dibromochloromethane 0.5 0.13 <2 <2 <2 <2
1,2-Dibromoethane 0.4 0.0056 <2 <2 <2 <2
Dibromomethane 0.9 6.1* <2 <2 <2 <2
1,2-Dichlorobenzene 0.2 4.9* <2 <2 <2 <2
1,3-Dichlorobenzene 0.3 1.4* <2 <2 <2 <2
1,4-Dichlorobenzene 0.4 0.47 <2 <2 <2 <2
Dichlorodifluoromethane 0.5 14 <2 <2 <2 <2
1,1-Dichloroethane 0.2 120* <2 <2 <2 <2
1,2-Dichloroethane 0.6 0.12 <2 <2 <2 <2
1,1-Dichloroethene 0.6 34* <2 <2 <2 <2
cis-1,2-Dichloroethene 0.6 6.1* 1.4 <2 <2 30.3
trans-1,2-Dichloroethene 0.5 11* <2 <2 <2 14.7
1,2-Dichloropropane 0.4 0.16 <2 <2 <2 <2
1,3-Dichloropropane 0.4 12* <2 <2 <2 <2
2,2-Dichloropropane 0.4 - <2 <2 <2 <2
1,1-Dichloropropene 0.5 - <2 <2 <2 <2
cis-1,3-Dichloropropene 0.3 - <2 <2 <2 <2
trans-1,3-Dichloropropene 0.5 - <2 <2 <2 <2
Ethylbenzene 0.3 130* <2 <2 <2 <2
Hexachlorobutadiene 0.8 0.86 <2 <2 <2 <2
2-Hexanone 4.2 - <10 <10 <10 <10
Isopropylbenzene 0.4 66 <2 <2 <2 <2
4-Isopropyltoluene (p-isopropylte) 0.6 - <2 <2 <2 <2
4-Methylene 2-pentanone 4.9 - <10 <10 <10 <10
Methylene chloride 2.4 4.3 <5 <5 <5 <5
Naphthalene 1.2 0.62* <5 <5 <5 <5
n-Propylbenzene 0.3 6.1* <2 <2 <2 <2
Styrene 0.4 160* <2 <2 <2 <2
1,1,1,2-Tetrachloroethane 0.6 0.43 <2 <2 <2 <2
1,1,2,2-Tetrachloroethane 0.4 0.055 <2 <2 <2 <2
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TABLE 2-6
2003 Shaw Groundwater Analytical Data
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missour

Sample ID GP-1 GP-2 GP-3 GP-4

VOCs (µg/L) Reporting Limits Screening Levels
Tetrachloroethene 0.4 0.1 <2 <2 <2 <2
Toluene 0.6 230* <2 <2 <2 <2
1,2,3-Trichlorobenzene 1.0 - <2 <2 <2 <2
1,2,4-Trichlorobenzene 0.6 0.82* <2 <2 <2 <2
1,1,1-Trichloroethane 0.7 910* <2 <2 <2 <2
1,1,2-Trichloroethane 0.4 0.2 <2 <2 <2 <2
Trichloroethene 0.4 0.028 <2 <2 <2 <2
1,2,3-Trichloropropane 0.6 0.034 <2 <2 <2 <2
1,2,4-Trimethylbenzene 0.3 1.5* <2 <2 <2 <2
1,3,5-Trimethylbenzene 1.0 1.2* <2 <2 <2 <2
Vinyl Chloride 0.5 0.015 <2 <2 <2 1.5
Xylenes (total) 0.9 20* <2 <2 <2 <2
Bromodichloromethane 0.3 0.18 <2 <2 <2 <2
Trichlorofluoromethane 0.4 130* <2 <2 <2 <2

Note:
EPA SL = Environmental Protection Agency Screening Level for protection of indoor air based on a target risk of 1x10-6 

Bold = Detected concentration
Gray highlight = Indicates a detected concentration above the selected screening level
< = Chemical not detected
* = MSSLs adjusted downward by a factor of 10 to account for cumulative effects from multiple noncarcinogens acting on the same 
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TABLE 2-7
2005 USACE Soil Analytical Data
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID SED-001 SS-001
Sample Interval (ft) NA NA

PCBs (mg/kg) TSCA
PCB 1260 1 569,000 1,440
Notes:
Bold = Detected concentration
Gray highlight = Indicates a detected concentration above the screening level
NA = Sample interval was not available
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TABLE 2-7
2005 USACE Soil Analytical Data
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID SB-002 SB-014 SB-016
Sample Interval (ft) NA NA NA

VOCs (µg/kg)
Carbon tetrachloride 70 NR 4.3 J 3.0 J
m-Xylene and p-Xylene 210,000 2.6 J NR NR
Notes:
Bold = Detected concentration
J = Reported value is estimated
NA = Sample interval was not available
NR = Not reported

Screening Levels (0-10')
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TABLE 2-7
2005 USACE Soil Analytical Data
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID SB-001 SB-002 SB-003 SB-005 SB-006 SB-007 SB-008 SB-009
Sample Interval (ft) NA NA 0-1 NA 0-1 11-12 NA NA

Metals (mg/kg) Screening Levels (0-10')
Aluminum 7,700* 6,030.6 5,840.1 6,755.4 7,129.1 7,674.0 8,651.6 7,104.3 7,027.0
Antimony 3.1* 1.2 J NR 5.3 NR NR 3.0 NR NR
Arsenic 13.2 5.6 7.3 6.9 5.4 13.3 8.3 7.6 7.8
Barium 1,600* 101.7 91.6 115.5 129.4 110.1 188.2 152.0 159.8
Beryllium 16* 0.6 0.5 J 0.3 J 0.5 J 0.4 J 0.3 J 0.4 J 0.4 J
Cadmium 3.9* 1.1 J NR NR NR 0.9 J 1.5 0.5 J 0.7 J
Calcium - 54,916.0 46,903.0 52,444.0 5,234.3 7,023.6 10,240.0 4,741.0 4,449.5
Chromium 38 13.6 11.0 11.5 13.8 14.1 23.7 11.9 11.6
Cobalt 900 8.3 6.8 6.9 9.7 9.8 6.5 8.3 8.9
Copper 290* 24.8 17.5 16.1 17.1 33.4 23.7 24.7 25.5
Iron 5,500* 14,238.0 12,138.0 13,306.0 17,675.0 16,493.0 26,292.0 14,892.0 15,646.0
Lead 400 107.2 45.8 28.3 48.8 112.5 195.7 45.5 43.6
Magnesium - 7,598.9 6,949.9 15,724.0 1,987.2 2,574.1 2,249.9 2,336.0 2,137.0
Manganese 350* 486.6 435.2 540.8 423.1 564.6 719.1 647.6 766.8
Mercury 2.3* NR NR NR NR NR NR NR NR
Nickel 130 16.4 15.1 15.6 17.7 16.8 18.2 15.2 18.4
Potassium - 736.6 J 502.1 J 681 J 481.8 J 552.1 539.4 J 486.1 686.3
Selenium 5 NR NR NR NR NR NR NR NR
Silver 34 NR 0.6 J NR 0.6 J NR 0.6 J NR 0.6 J
Sodium - 49.4 71.1 65.1 32.6 45.2 59.4 28.0 27.2
Thallium 0.7 NR NR NR NR NR NR NR NR
Vanadium 39* 22.1 20.6 22.4 27.0 26.4 26.9 23.1 24.3
Zinc 2,300* 418.7 64.9 48.9 42.8 154.2 150.3 61.3 81.8
Notes:

* = MSSLs adjusted downward by a factor of 10 to account for 
cumulative effects from multiple noncarcinogens acting on the 
same target organ.

Depths for SB samples reported were known
SB-208* = This sample ID is most likely SB-023/MW-106

NC = Not calculated due to an insufficient number of normally 
distributed data points

NA = Sample interval was not available

NR = Not reported
SB-004 surface soil sample was not collected

Bold = Detected concentration

J = Reported value is estimated

Gray highlight = Indicates a detected concentration above the 
selected screening level.
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TABLE 2-7
2005 USACE Soil Analytical Data
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID
Sample Interval (ft)

Metals (mg/kg) Screening Levels (0-10')
Aluminum 7,700*
Antimony 3.1*
Arsenic 13.2
Barium 1,600*
Beryllium 16*
Cadmium 3.9*
Calcium -
Chromium 38
Cobalt 900
Copper 290*
Iron 5,500*
Lead 400
Magnesium -
Manganese 350*
Mercury 2.3*
Nickel 130
Potassium -
Selenium 5
Silver 34
Sodium -
Thallium 0.7
Vanadium 39*
Zinc 2,300*
Notes:

* = MSSLs adjusted downward by a factor of 10 to account for 
cumulative effects from multiple noncarcinogens acting on the 
same target organ.

Depths for SB samples reported were known
SB-208* = This sample ID is most likely SB-023/MW-106

NC = Not calculated due to an insufficient number of normally 
distributed data points

NA = Sample interval was not available

NR = Not reported
SB-004 surface soil sample was not collected

Bold = Detected concentration

J = Reported value is estimated

Gray highlight = Indicates a detected concentration above the 
selected screening level.

SB-010 SB-010 SB-011 SB-012 SB-013 SB-014 SB-015 SB-016
NA 0-1 NA NA NA NA NA NA

6,837.1 NR 5,395.6 7,161.8 7,176.9 7,985.7 6,973.3 5,136.1
1.5 J NR NR NR NR NR NR 1.4 J
6.8 NR 6.1 7.0 9.0 7.3 7.2 6.9

207.1 NR 151.1 149.8 165.1 145.5 162.6 122.4
0.4 J NR 0.3 J 0.3 J 0.3 J 0.4 J 0.4 J 0.4 J
0.9 J NR 0.7 J 0.7 J 0.5 J 0.5 J 1.2 1.1 J

10,181.0 NR 14,720.0 4,280.2 8,737.2 10,598.0 4,083.7 52,527.0
16.1 NR 14.1 12.1 9.5 12.3 13.3 11.1
9.4 NR 7.3 8.6 8.5 8.5 8.5 6.7
41.8 NR 21.0 23.0 16.5 16.7 115.3 35.1

15,569.0 NR 12,114.0 15,438.0 15,569.0 15,918.0 15,390.0 13,155.0
85.3 983.0 165.7 43.0 33.5 24.9 125.1 108.8

3,023.8 NR 2,313.4 2,297.8 2,580.1 2,736.6 2,152.2 12,303.0
780.8 NR 570.2 672.3 828.8 592.3 652.5 588.6
NR NR NR NR NR NR NR NR
18.9 NR 12.7 16.9 18.1 16.7 15.4 15.4

830.0 NR 684.3 921.9 986.7 819.7 748.8 737.4 J
NR NR NR NR NR NR NR NR
NR NR NR NR NR NR NR NR
28.5 NR 20.5 20.5 27.6 79.0 23.9 88.9
NR NR NR NR NR 0.3 J NR NR
24.7 NR 21.6 24.2 22.0 24.9 24.6 18.4
91.3 NR 100.6 64.6 58.5 51.4 129.7 208.2
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TABLE 2-7
2005 USACE Soil Analytical Data
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID
Sample Interval (ft)

Metals (mg/kg) Screening Levels (0-10')
Aluminum 7,700*
Antimony 3.1*
Arsenic 13.2
Barium 1,600*
Beryllium 16*
Cadmium 3.9*
Calcium -
Chromium 38
Cobalt 900
Copper 290*
Iron 5,500*
Lead 400
Magnesium -
Manganese 350*
Mercury 2.3*
Nickel 130
Potassium -
Selenium 5
Silver 34
Sodium -
Thallium 0.7
Vanadium 39*
Zinc 2,300*
Notes:

* = MSSLs adjusted downward by a factor of 10 to account for 
cumulative effects from multiple noncarcinogens acting on the 
same target organ.

Depths for SB samples reported were known
SB-208* = This sample ID is most likely SB-023/MW-106

NC = Not calculated due to an insufficient number of normally 
distributed data points

NA = Sample interval was not available

NR = Not reported
SB-004 surface soil sample was not collected

Bold = Detected concentration

J = Reported value is estimated

Gray highlight = Indicates a detected concentration above the 
selected screening level.

SB-017 SB-018 SB-019 SB-020 SB-020 SB-021 SB-022 SB-208*
NA NA NA 0-1 8-9 NA NA NA

6,725.2 6,652.9 7,458.3 5,119.1 NR 7,012.3 7,621.8 7,321.8
NR NR NR NR NR NR NR NR
5.7 6.0 5.9 6.0 NR 7.4 4.0 5.8

139.6 121.6 129.5 167.7 NR 137.6 99.6 112.4
0.4 J 0.4 J 0.4 J 0.4 J NR 0.3 J 0.3 J 0.4 J
0.5 J 0.6 J 0.5 J 2.8 NR 0.6 J 0.3 J 0.4 J

7,136.1 4,358.3 4,758.5 11,337.0 NR 2,528.9 2,431.0 11,086.0
14.7 12.6 12.7 34.2 NR 10.6 12.6 13.0
6.9 7.3 7.7 7.7 NR 8.9 7.7 8.6
16.6 21.3 14.5 126.6 NR 14.8 11.1 14.1

14,153.0 13,762.0 14,235.0 14,092.0 23,197.0 15,605.0 13,488.0 16,010.0
42.4 52.6 17.8 983.3 NR 17.3 13.5 19.0

2,113.4 1,828.5 2,050.8 2,021.9 NR 2,143.7 2,043.1 2,335.3
596.5 539.4 672.7 560.3 NR 1,025.3 549.8 618.6
NR NR NR NR NR NR NR NR
14.6 14.4 15.4 15.0 NR 20.6 12.1 16.2

851.9 890.2 463.6 J 1,525.0 NR 325.8 J 265.2 J 350.2 J
NR NR NR NR NR NR NR NR
NR NR NR 0.6 J NR 0.5 J NR NR
21.1 16.4 33.7 30.4 NR 49.8 24.1 25.2
0.3 J NR NR 0.4 J NR 0.3 J NR NR
24.1 25.0 25.4 21.1 NR 22.8 26.8 27.3
62.2 67.0 49.1 393.3 NR 45.9 33.7 37.0
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TABLE 2-7
2005 USACE Soil Analytical Data
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID
Sample Interval (ft)

Metals (mg/kg) Screening Levels (0-10')
Aluminum 7,700*
Antimony 3.1*
Arsenic 13.2
Barium 1,600*
Beryllium 16*
Cadmium 3.9*
Calcium -
Chromium 38
Cobalt 900
Copper 290*
Iron 5,500*
Lead 400
Magnesium -
Manganese 350*
Mercury 2.3*
Nickel 130
Potassium -
Selenium 5
Silver 34
Sodium -
Thallium 0.7
Vanadium 39*
Zinc 2,300*
Notes:

* = MSSLs adjusted downward by a factor of 10 to account for 
cumulative effects from multiple noncarcinogens acting on the 
same target organ.

Depths for SB samples reported were known
SB-208* = This sample ID is most likely SB-023/MW-106

NC = Not calculated due to an insufficient number of normally 
distributed data points

NA = Sample interval was not available

NR = Not reported
SB-004 surface soil sample was not collected

Bold = Detected concentration

J = Reported value is estimated

Gray highlight = Indicates a detected concentration above the 
selected screening level.

CSS-001 CSS-002 CSS-003 CSS-004 CSS-005 CSS-006 CSS-007 CSS-008 CSS-009 CSS-010 CSS-011 CSS-012
0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1

5,748.2 5,821.0 6,382.4 7,358.6 6,464.2 6,847.8 6,995.7 6,287.4 4,192.7 7,148.2 7,355.6 7,729.0
1.2 J NR NR NR NR NR NR NR NR NR NR NR
5.9 6.3 4.0 7.0 6.2 5.5 6.2 5.7 5.8 6.8 6.7 7.5

106.9 109.8 97.9 140.6 141.0 176.5 129.3 115.8 86.2 177.7 169.1 146.2
NR 0.4 J NR 0.3 J 0.3 J 0.3 J 0.4 J NR NR 0.5 0.5 0.4 J

1.1 J 0.5 0.5 J 0.3 J 0.5 J 0.8 J 0.6 J 0.6 J 0.4 J 0.6 J 0.9 J 0.5 J
48,984.0 30,669.0 49,170.0 7,994.7 13,723.0 10,753.0 8,807.4 48,589.0 10,646.0 7,405.5 9,460.0 3,434.9

10.0 8.2 14.2 5.7 6.4 7.3 8.0 8.1 3.8 7.6 18.7 6.9
8.2 9.8 8.5 8.7 7.8 8.8 8.1 10.5 5.1 12.4 8.1 9.7
43.6 17.2 20.4 20.7 20.6 38.7 23.6 23.8 12.0 22.8 410.2 16.7

21,855.0 13,020.0 13,258.0 15,411.0 13,429.0 14,467.0 14,827.0 13,028.0 9,094.2 18,123.0 15,177.0 15,843.0
1,022.9 44.3 143.3 34.6 56.1 73.9 42.3 51.4 27.7 40.3 78.0 24.9
7,977.9 5,266.4 7,703.6 3,740.2 4,056.1 2,791.7 3,134.3 2,468.9 1,398.7 2,475.6 2,184.9 2,118.7
516.8 594.2 526.6 654.6 617.9 673.7 546.4 656.2 336.3 938.2 406.9 761.9
NR NR NR NR NR NR NR NR NR NR NR NR
19.7 14.7 17.8 18.1 15.6 17.6 16.9 14.1 9.9 19.6 16.2 19.2

712.1 J 616.7 515.2 J 700.9 759.6 651.3 747.5 972.9 J 382.9 J 721.5 449.8 593.4
NR NR NR 0.5 J 0.6 J 0.5 J 0.6 J 0.7 J 0.6 J 0.6 J 0.5 J NR
NR NR NR NR NR NR NR NR NR NR NR NR
42.7 39.3 39.1 28.3 31.5 46.5 25.8 24.1 J 24.7 23.4 32.5 22.9
NR NR NR NR NR NR NR NR NR NR NR 0.2
22.5 23.4 23.5 24.1 22.0 22.3 23.9 22.0 13.9 29.1 25.8 25.9
272.4 92.9 73.3 66.1 93.4 249.7 84.0 111.5 53.3 72.4 102.8 67.8
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TABLE 2-7
2005 USACE Soil Analytical Data
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID
Sample Interval (ft)

Metals (mg/kg) Screening Levels (0-10')
Aluminum 7,700*
Antimony 3.1*
Arsenic 13.2
Barium 1,600*
Beryllium 16*
Cadmium 3.9*
Calcium -
Chromium 38
Cobalt 900
Copper 290*
Iron 5,500*
Lead 400
Magnesium -
Manganese 350*
Mercury 2.3*
Nickel 130
Potassium -
Selenium 5
Silver 34
Sodium -
Thallium 0.7
Vanadium 39*
Zinc 2,300*
Notes:

* = MSSLs adjusted downward by a factor of 10 to account for 
cumulative effects from multiple noncarcinogens acting on the 
same target organ.

Depths for SB samples reported were known
SB-208* = This sample ID is most likely SB-023/MW-106

NC = Not calculated due to an insufficient number of normally 
distributed data points

NA = Sample interval was not available

NR = Not reported
SB-004 surface soil sample was not collected

Bold = Detected concentration

J = Reported value is estimated

Gray highlight = Indicates a detected concentration above the 
selected screening level.

CSS-013 CSS-014 CSS-015
0-1 0-1 0-1

9,733.4 5,510.8 7,440.0
NR 1.2 J NR
8.3 10.3 13.0

151.1 134.3 125.7
0.5 0.3 J 0.4 J

0.8 J 0.7 J 0.5 J
3,651.3 5,044.8 5,552.7

8.6 9.1 7.2
10.1 7.2 8.5
64.5 28.0 20.9

17,813.0 11,512.0 14,421.0
40.0 176.9 40.2

2,060.5 2,125.2 2,173.7
562.0 528.3 622.8
NR NR NR
18.2 13.8 15.9
480.2 454.5 530.1
0.6 J 0.6 J 0.7 J
NR NR NR
25.6 32.3 17.5
NR NR NR
30.5 19.7 25.5
87.5 110.6 56.4

Page 7 of 11



TABLE 2-7
2005 USACE Soil Analytical Data
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID SB-001 SB-002 SB-002 SB-003 SB-005 SB-006 SB-008 SB-009

Sample Interval (ft) NA NA 3-4 NA NA NA NA NA
PAHs (µg/kg) Screening Levels (0-

Acenaphthene 370,000* 3.3 J 13.2 NR NR 9.1 2.3 J 20.0 J 29.1
Acenaphthylene 30.5 2.2 J 3.7 J NR NR NR NR NR 9.0
Anthracene 2,200,000* 11.4 2.4 J NR 4.2 J 4.1 J 5.2 J 4.9 J 44.4
Benzo(a)anthracene 887 80.1 24 NR 30.7 21.4 54.5 37.4 111.3
Benzo(a)pyrene 735 75.7 19.8 121 29.5 19.7 48.5 32.1 80.0
Benzo(b)fluoranthene 626 122.8 28.4 NR 46.7 27.8 80.2 55.7 129.8
Benzo(g,h,i)perylene 478 65.8 15.5 NR 25.8 14.3 36.2 26.4 52.3
Benzo(k)fluoranthene 1,500 37.5 9.61 NR 14.3 88.5 19.7 17.2 40.2
Chrysene 15,000 90.0 18.0 NR 34.2 22.0 50.2 38.1 90.6
Dibenz(a,h)anthracene 303 12.1 3.0 J NR 4.8 J 3.0 J 7.4 J 5.1 J 11.4
Fluoranthene 230,000* 172.4 37.0 NR 63.2 42.1 96 65.7 251.7
Fluorene 260,000* 3.8 J 10.7 NR NR 9.6 NR NR 15.5
Indeno(1,2,3-cd)pyrene 415 58.1 14.8 NR 22.3 13.1 31.3 23.3 46.2
Naphthalene 12,000* 2.09 J 7.12 J NR NR NR 2.4 J NR 4.2 J
Phenanthrene 1,040 65.2 13.2 NR 21.3 18.2 22.7 22.3 164
Pyrene 230,000* 143.5 35.5 NR 54.2 40.9 79.1 57.5 199
Notes:

* = MSSLs adjusted downward by a factor of 10 to account for 
cumulative effects from multiple noncarcinogens acting on the 
same target organ.

Depths for SB samples reported were known
NR = Not Reported

NC = Not calculated due to an insufficient number of normally 
distributed data points

NA = Sample interval was not available
J = Reported value is estimated

Bold = Detected concentration
Gray highlight = Indicates a detected concentration above the 
selected screening level.
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TABLE 2-7
2005 USACE Soil Analytical Data
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID

Sample Interval (ft)
PAHs (µg/kg) Screening Levels (0-

Acenaphthene 370,000*
Acenaphthylene 30.5
Anthracene 2,200,000*
Benzo(a)anthracene 887
Benzo(a)pyrene 735
Benzo(b)fluoranthene 626
Benzo(g,h,i)perylene 478
Benzo(k)fluoranthene 1,500
Chrysene 15,000
Dibenz(a,h)anthracene 303
Fluoranthene 230,000*
Fluorene 260,000*
Indeno(1,2,3-cd)pyrene 415
Naphthalene 12,000*
Phenanthrene 1,040
Pyrene 230,000*
Notes:

* = MSSLs adjusted downward by a factor of 10 to account for 
cumulative effects from multiple noncarcinogens acting on the 
same target organ.

Depths for SB samples reported were known
NR = Not Reported

NC = Not calculated due to an insufficient number of normally 
distributed data points

NA = Sample interval was not available
J = Reported value is estimated

Bold = Detected concentration
Gray highlight = Indicates a detected concentration above the 
selected screening level.

SB-010 SB-011 SB-012 SB-013 SB-014 SB-015 SB-016 SB-017

0-1 NA NA NA NA NA NA NA

115.2 27.3 NR NR 55.9 8.5 J 14.5 75.6
NR NR NR NR NR NR 4.3 J NR

173.7 661.7 4.4 J ND 150.2 13.1 26.9 111.9
729.5 325.2 76.1 5.8 J 522.1 77.2 205.2 363.0
505.3 264.1 50.7 3.9 J 345 64.3 187.8 261.7
818.6 469.7 111.7 7.9 J 603.4 112.1 331.5 456.8
355.5 200.8 48.1 3.9 J 238.2 50.5 153.8 166.2
280.0 125.9 27.3 2.1 J 187 33.0 95.1 104.1
562.0 329.6 70.0 5.3 J 481.1 86.3 245.8 304
81.1 41.1 9.9 NR 54.5 10.5 32 37

1,461.5 830 128.4 10.1 1317.4 176.4 497.9 836.8
53.2 25.3 ND ND 61.3 5.5 J 9.4 38.3
338.7 177.9 42.3 3.4 J 223.6 44.9 148.8 149.8
12.0 J 3.8 J NR NR 3.3 J 2.5 J 2.7 J 6 J
808.1 436.5 29.8 4.9 J 823.3 86.3 190.0 492.9

1,239.6 604.5 105.7 8.5 897.8 140.5 378.4 673.0
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TABLE 2-7
2005 USACE Soil Analytical Data
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID

Sample Interval (ft)
PAHs (µg/kg) Screening Levels (0-

Acenaphthene 370,000*
Acenaphthylene 30.5
Anthracene 2,200,000*
Benzo(a)anthracene 887
Benzo(a)pyrene 735
Benzo(b)fluoranthene 626
Benzo(g,h,i)perylene 478
Benzo(k)fluoranthene 1,500
Chrysene 15,000
Dibenz(a,h)anthracene 303
Fluoranthene 230,000*
Fluorene 260,000*
Indeno(1,2,3-cd)pyrene 415
Naphthalene 12,000*
Phenanthrene 1,040
Pyrene 230,000*
Notes:

* = MSSLs adjusted downward by a factor of 10 to account for 
cumulative effects from multiple noncarcinogens acting on the 
same target organ.

Depths for SB samples reported were known
NR = Not Reported

NC = Not calculated due to an insufficient number of normally 
distributed data points

NA = Sample interval was not available
J = Reported value is estimated

Bold = Detected concentration
Gray highlight = Indicates a detected concentration above the 
selected screening level.

SB-017 SB-018 SB-019 SB-019 SB-020 CSS-001 CSS-002 CSS-003 CSS-004

3-4 NA NA 3-4 0-1 0-1 0-1 0-1 0-1

NR 12.1 3.2 J NR 41,912.1 NR NR NR NR
NR NR 3.9 J NR NR NR NR NR NR
NR 22.8 7.2 J NR 54,777.0 NR NR NR NR
NR 140.1 48.8 NR 245,704.0 NR NR NR NR

131.0 109.2 43.8 119.0 196,359.0 NR NR NR NR
NR 192 77.3 NR 388,878.0 NR NR NR NR
NR 83.1 35.0 NR 136,295.0 NR NR NR NR
NR 45.6 19.8 NR 104,945.0 NR NR NR NR
NR 120.4 56.8 NR 328,483.0 NR NR NR NR
NR 17 6.6 J NR 30,616.0 NR NR NR NR
NR 273 105.8 NR 797,026.0 NR NR NR NR
NR 6.6 J 2 J NR 36,137.0 NR NR NR NR
NR 69.6 32.7 NR 131,387.0 NR NR NR NR
NR NR 7.2 J NR 21,848.0 J NR NR NR NR
NR 112.1 40.0 NR 632.0 NR NR NR NR
NR 228.0 92.6 NR 703,713.0 NR NR NR NR
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TABLE 2-7
2005 USACE Soil Analytical Data
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID

Sample Interval (ft)
PAHs (µg/kg) Screening Levels (0-

Acenaphthene 370,000*
Acenaphthylene 30.5
Anthracene 2,200,000*
Benzo(a)anthracene 887
Benzo(a)pyrene 735
Benzo(b)fluoranthene 626
Benzo(g,h,i)perylene 478
Benzo(k)fluoranthene 1,500
Chrysene 15,000
Dibenz(a,h)anthracene 303
Fluoranthene 230,000*
Fluorene 260,000*
Indeno(1,2,3-cd)pyrene 415
Naphthalene 12,000*
Phenanthrene 1,040
Pyrene 230,000*
Notes:

* = MSSLs adjusted downward by a factor of 10 to account for 
cumulative effects from multiple noncarcinogens acting on the 
same target organ.

Depths for SB samples reported were known
NR = Not Reported

NC = Not calculated due to an insufficient number of normally 
distributed data points

NA = Sample interval was not available
J = Reported value is estimated

Bold = Detected concentration
Gray highlight = Indicates a detected concentration above the 
selected screening level.

CSS-005 CSS-006 CSS-007 CSS-008 CSS-009 CSS-010 CSS-011 CSS-012 CSS-013 CSS-014 CSS-015

0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1 0-1

23.4 3.5 J 9.8 8.6 59.1 14.7 17.8 10.4 6.2 J NR NR
5.79 NR NR NR NR NR NR NR NR NR NR
69.4 10.9 28.5 288.3 125.1 43.1 35530.0 30.1 11.0 NR NR
201.0 73.1 220.4 215.2 551.5 232.4 108.9 118.7 59.0 NR NR
142.8 61.5 171.7 164.6 434.3 169.3 82.3 78.2 47.2 NR NR
246.1 90.6 337.3 325.2 766.9 387.9 171.3 17.2 93.5 NR NR
112.5 88.4 156.6 152.3 338.8 152.9 85.7 61.8 44.0 NR NR
396.7 19.1 85.9 84.2 185.7 57.2 27.2 24.5 24.3 NR NR
150.4 67.1 189.4 187.1 577.6 209.4 89.2 89.5 51.6 NR NR
30.1 10.9 37.7 35.7 69.3 40.1 26.7 25.6 22.9 NR NR
470.8 172.2 510.0 520.4 1590.1 611.8 266.0 248.9 139.4 NR NR
25.0 4.1 7.6 J 8.0 60.2 14.2 12.8 10.7 3.4 NR NR
129.1 51.8 177.7 176.6 314.4 168.3 79.3 68.2 48.3 NR NR
6.3 J NR NR NR 14.5 J NR 3.1 J 3.2 J NR NR NR
296.5 65.3 152.9 159.6 922.1 260.4 142.2 135.9 53.8 NR NR
320.8 110.8 308.4 305.3 1039.6 358.2 173.5 168.0 88.9 NR NR
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TABLE 2-8
2005 USACE Kansas City District Groundwater Analytical Data 
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID MW-101 MW-102 MW-103 MW-104 MW-105 MW-106

Metals (mg/L) Screening Levels
Aluminum 3.7* 0.608 ND ND 0.545 0.232 0.4277
Antimony 0.0015* ND ND ND ND ND ND
Arsenic 0.045 0.042 0.0211 0.0352 ND ND ND
Barium 0.73* 0.503 0.32885 0.07851 0.0327 0.125 0.0793
Beryllium 0.0073* ND ND ND ND ND ND
Cadmium 0.0018* ND ND ND ND ND ND
Calcium - 114.89 98.861 206.95 119.99 48.43 68.287
Chromium - ND ND ND ND ND ND
Cobalt 0.073 0.01017 J ND 0.0142 J ND ND ND
Copper 0.14* ND ND ND ND ND ND
Iron 2.6* 73.589 28.466 38.452 1.7635 0.491 0.793
Lead 0.015 0.00249 0.000823 J ND 0.000781 J 0.00066 J 0.00698
Magnesium - 53.129 50.575 74.716 47.198 20.398 26.112
Manganese 0.17* 16.138 9.519 23.492 7.3307 0.0383 0.257
Mercury 0.00068 ND ND ND ND ND ND
Nickel 0.073* ND ND ND ND ND ND
Postassium - ND ND 26.146 J ND ND ND
Selenium 0.018* 0.00594 0.00309 0.00421 0.00116 J 0.00218 0.004
Silver 0.018* ND ND ND ND ND ND
Sodium - 68.119 67.51 74.654 47.075 24.117 37.311
Thallium 0.0026* ND ND ND ND ND ND
Vanadium 0.018* ND ND ND ND ND ND
Zinc 1.1* ND ND ND ND ND ND
Notes:
Bold = Detected concentration
Gray highlight = Indicates a detected concentration above the selected screening level
J = Reported value is estimated
ND = Not Detected 
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TABLE 2-8
2005 and 2006 USACE Kansas City District Groundwater Analytical Data 
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID MW-101 MW-102 MW-103 MW-104 MW-105 MW-106
VOCs (µg/L) Reporting Limits Screening Levels

Benzene 5 0.35 1.14 J ND ND ND ND ND
Chloromethane 5 19* ND ND ND ND ND ND
cis-1,2-Dichloroethene 5 6.1* 67.3 ND ND ND ND ND
trans-1,2-Dichloroethene 5 11* 31.86 ND ND ND ND ND
Methylene chloride 5 4.3 ND ND ND ND ND ND
Tetrachloroethene 5 0.1 ND ND ND ND ND 0.34 J
Trichloroethene 5 0.028 2.21 ND ND ND ND 0.28 J
Carbon tetrachloride 5 0.17 ND ND ND ND ND ND
Chloroform 5 0.17 ND ND ND ND ND ND
Toluene 5 230* ND ND ND ND ND ND
1,1-Dichloroethene 5 34* ND ND ND ND ND ND
1,2-Dichloroethane 5 0.12 ND ND ND ND ND 62.2
Vinyl chloride 5 0.015 ND ND ND ND ND ND
Notes:
Bold =Detected concentration

< = Chemical not detected
J = Reported value is estimated
ND = Not Detected 

2005

Gray highlight = Indicates a detected concentration above the selected 
screening level
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TABLE 2-8
2005 and 2006 USACE Kansas City District Groundwater Analytical Data 
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID
VOCs (µg/L) Reporting Limits Screening Levels

Benzene 5 0.35
Chloromethane 5 19*
cis-1,2-Dichloroethene 5 6.1*
trans-1,2-Dichloroethene 5 11*
Methylene chloride 5 4.3
Tetrachloroethene 5 0.1
Trichloroethene 5 0.028
Carbon tetrachloride 5 0.17
Chloroform 5 0.17
Toluene 5 230*
1,1-Dichloroethene 5 34*
1,2-Dichloroethane 5 0.12
Vinyl chloride 5 0.015
Notes:
Bold =Detected concentration

< = Chemical not detected
J = Reported value is estimated
ND = Not Detected 

Gray highlight = Indicates a detected concentration above the selected 
screening level

MW-101 MW-102 MW-103 MW-104 MW-105 MW-106

0.99 J <5.0 <5.0 <5.0 <5.0 <5.0
<5.0 <5.0 <5.0 <5.0 <5.0 <5.0
57 <5.0 <5.0 <5.0 <5.0 <5.0

29.0 <5.0 <5.0 <5.0 <5.0 <5.0
<5.0 3.2 J <5.0 <5.0 2.7 <5.0
<5.0 <5.0 <5.0 <5.0 <5.0 0.44 J
2.9 J <5.0 <5.0 <5.0 <5.0 <5.0
<5.0 <5.0 <5.0 <5.0 <5.0 <5.0
<5.0 <5.0 <5.0 <5.0 <5.0 <5.0
<5.0 <5.0 <5.0 <5.0 <5.0 <5.0
NR NR NR NR NR NR

<5.0 <5.0 <5.0 <5.0 <5.0 4.3 J
1.9 J <5.0 <5.0 <5.0 <5.0 <5.0

2006
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TABLE 2-9
2006 USACE Kansas City District Groundwater Analytical Data (Laboratory)
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID MW-101 MW-102 MW-103 MW-104 MW-105 MW-106
Metals (mg/L) Screening Levels
Aluminum 3.7* 2.5 ND ND 11.1 0.678 109
Antimony 0.0015* ND ND ND ND ND ND
Arsenic 0.045 0.0478 0.0166 0.0472 ND ND ND
Barium 0.73* 0.61 0.371 0.176 J ND 0.061 J 0.189
Beryllium 0.0073* ND ND ND ND ND ND
Cadmium 0.0018* ND ND ND 0.0078 ND ND
Calcium - 120 108 193 J 112 J 47.6 62 J
Chromium - ND ND ND 0.0108 ND 0.0167
Cobalt 0.073 0.0144 ND 0.0166 B 0.0070 B ND ND
Copper 0.14* 0.0083 ND ND 0.0255 ND ND
Iron 2.6* 81.4 28.4 52.7 16.1 0.665 10.2
Lead 0.015 0.0024 ND ND 0.0045 B ND 0.0202
Magnesium - 56.3 55 76.5 45.7 20.7 27.6
Manganese 0.17* 15 9.63 19 7.17 0.0169 0.124
Nickel 0.00068 ND ND ND 0.0116 B ND ND
Potassium 0.073* ND 1.89 J 1.54 J 4.66 J ND 1.77 J
Selenium - ND ND ND ND ND 0.0052
Silver 0.018* ND ND ND ND ND ND
Sodium 0.018* 81 83.2 81.9 50.6 26 38.7
Thallium - 0.017 ND 0.0103 ND ND 0.0033 B
Vanadium 0.0026* 0.0082 ND ND 0.0219 ND 0.022 B
Zinc 0.018* 0.0212 ND ND 0.0309 0.0112 B 0.0485
Mercury 1.1* ND ND 0.00026 ND ND ND
Notes:
Bold =  Detected concentration
Gray highlight = Indicates a detected concentration above the selected screening level
B = Blank detection
J = Reported value is estimated
ND = Chemical not detected
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TABLE 2-9
2005 and 2006 USACE Kansas City District Groundwater Analytical Data (Laboratory)
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID DP-101 DP-102 DP-103 DP-104 DP-105 DP-106
VOCs (µg/L) Reporting Limits Screening Levels

1,2-Dichloroethane 5 0.12 NR NS NS NR NR NR
cis-1,2-Dichloroethene 5 6.1* <5.0 NS NS 5.9 <5.0 <5.0
Tetrachloroethene 5 0.1 <5.0 NS NS 4000 <5.0 0.59 J
Trichloroethene 5 0.028 <5.0 NS NS 28 <5.0 <5.0
trans-1,2-Dichloroethene 5 11* NR NS NS NR NR NR
Vinyl chloride 5 0.015 NR NS NS NR NR NR
Benzene 5 0.35 NR NS NS NR NR NR
Carbon tetrachloride 5 0.17 <5.0 NS NS 1.0 J <5.0 <5.0
Chloroform 5 0.17 <5.0 NS NS 1.9 J <5.0 <5.0
Methylene chloride 5 4.3 NR NS NS NR NR NR
Chloromethane 5 19* NR NS NS NR NR NR
Toluene 5 230* 0.80 J NS NS 0.45 J 0.83 J 0.73 J
1,1-Dichloroethene 5 34* <5.0 NS NS 0.99 J <5.0 <5.0
Notes:
Bold =  Detected concentration
Gray Highlight = Indicates a detected concentration above the selected screening level
< = Chemical not detected
E = Reported value is outside the linerar range of the calibration
J = Reported value is estimated
NR = Not reported
NS = Not sampled

December 2005
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TABLE 2-9
2005 and 2006 USACE Kansas City District Groundwater Analytical Data (Laboratory)
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID
VOCs (µg/L) Reporting Limits Screening Levels

1,2-Dichloroethane 5 0.12
cis-1,2-Dichloroethene 5 6.1*
Tetrachloroethene 5 0.1
Trichloroethene 5 0.028
trans-1,2-Dichloroethene 5 11*
Vinyl chloride 5 0.015
Benzene 5 0.35
Carbon tetrachloride 5 0.17
Chloroform 5 0.17
Methylene chloride 5 4.3
Chloromethane 5 19*
Toluene 5 230*
1,1-Dichloroethene 5 34*
Notes:
Bold =  Detected concentration
Gray Highlight = Indicates a detected concentration above the selected screening level
< = Chemical not detected
E = Reported value is outside the linerar range of the calibration
J = Reported value is estimated
NR = Not reported
NS = Not sampled

DP-102 DP1-03 DP-107 DP-108 DP-109 DP-110 DP-111 DP-112 DP-113 DP-114

<5.0 <5.0 <5.0 <5.0 10 <5.0 24 <5.0 <5.0 <5.0
<5.0 <5.0 <5.0 <5.0 <5.0 <5.0 45 <5.0 <5.0 <5.0
<5.0 <5.0 <5.0 <5.0 0.34 J 450 E 180 2.1 J 0.42 J <5.0
<5.0 <5.0 <5.0 <5.0 <5.0 1.2 J 44 <5.0 <5.0 <5.0
NR NR NR NR NR NR NR NR NR NR
NR NR NR NR NR NR NR NR NR NR
NR NR NR NR NR NR NR NR NR NR
<5.0 <5.0 0.93 J <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0
<5.0 <5.0 <5.0 <5.0 <5.0 0.28 J <5.0 <5.0 <5.0 <5.0
NR NR NR NR NR NR NR NR NR NR
NR NR NR NR NR NR NR NR NR NR
<5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0
<5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0

February 2006
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TABLE 2-9
2005 and 2006 USACE Kansas City District Groundwater Analytical Data (Laboratory)
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID
VOCs (µg/L) Reporting Limits Screening Levels

1,2-Dichloroethane 5 0.12
cis-1,2-Dichloroethene 5 6.1*
Tetrachloroethene 5 0.1
Trichloroethene 5 0.028
trans-1,2-Dichloroethene 5 11*
Vinyl chloride 5 0.015
Benzene 5 0.35
Carbon tetrachloride 5 0.17
Chloroform 5 0.17
Methylene chloride 5 4.3
Chloromethane 5 19*
Toluene 5 230*
1,1-Dichloroethene 5 34*
Notes:
Bold =  Detected concentration
Gray Highlight = Indicates a detected concentration above the selected screening level
< = Chemical not detected
E = Reported value is outside the linerar range of the calibration
J = Reported value is estimated
NR = Not reported
NS = Not sampled

DP-116 DP-117 DP-118 DP-119 DP-120 DP-122 DP-124 DP-125 DP-130

<5.0 <5.0 <5.0 <5.0 <5.0 <5.0 600 <5.0 <5.0
<5.0 <5.0 <5.0 <5.0 <5.0 88 5.0 <5.0 <5.0
<5.0 <5.0 <5.0 <5.0 4.6 J 3000 4600 0.96 J <5.0
<5.0 <5.0 <5.0 <5.0 <5.0 50.0 36.0 <5.0 <5.0
<5.0 <5.0 <5.0 <5.0 <5.0 3.0 J <5.0 <5.0 <5.0
<5.0 <5.0 <5.0 <5.0 <5.0 0.28 J <5.0 <5.0 <5.0
NR NR NR NR NR NR NR NR NR
<5.0 <5.0 <5.0 <5.0 <5.0 1.5 J <5.0 <5.0 <5.0
<5.0 <5.0 <5.0 <5.0 <5.0 2.2 J 0.18 J <5.0 <5.0
<5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0
NR NR NR NR NR NR NR NR NR
NR NR NR NR NR NR NR NR NR
<5.0 <5.0 <5.0 <5.0 <5.0 2.7 J 0.55 J <5.0 <5.0

July 2006
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TABLE 2-10
2006 USACE Kansas City District Groundwater Analytical Data (Field GC)
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID DP-115 DP-116 DP-117 DP-118 DP-119 DP-120 DP-121 DP-122 DP-123 DP-124 DP-125 DP-126 DP-127 DP-128 DP-129 DP-130 DP-131

VOCs (µg/L)
Trichloroethene <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 210 <8.0 53.7 <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 <80.0
Tetrachloroethene 89.5 <4.0 <4.0 <4.0 <4.0 7.7 <4.0 12400 11.1 8370 <4.0 1.9 J <4.0 <4.0 <4.0 <4.0 440
cis-1,2-Dichloroethylene <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 146 <8.0 5.3 <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 <80.0
1,1-Dichloroethane <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 <80.0 <8.0 <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 <80.0
trans-1,2-Dichloroethylene <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 <80.0 <8.0 <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 <80.0
Vinyl chloride <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <40.0 <4.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <40.0
Chloroform <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 <80.0 <8.0 30.3 <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 <80.0
Methylene chloride <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 <80.0 <8.0 <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 <80.0
1,2-Dichloroethane <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 <80.0 <8.0 535 <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 <80.0
Carbon tetrachloride <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 <80.0 <8.0 <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 <80.0
Notes:
Bold = Detected concentration
< = Chemical not detected
J = Reported value is estimated
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TABLE 2-11
2007 USACE Kansas City District Soil Analytical Data
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID SB-023 SB-023 SB-023 SB-023 SB-023 SB-023 SB-024 SB-024 SB-024 SB-024 SB-025 SB-025 SB-025 SB-025 SB-026 SB-026 SB-026 SB-027 SB-027 SB-027 SB-027
Sample Interval (ft) 1.7-2.2 5-6 10-11 16-17 21-22 25-26 0.5-1 5-6 16-17 21-22 0.5-1 5-6 14-15 21-22 0.5-1 5-6 14-15 0.5-1 5-6 15-16 20-21

VOCs (µg/kg) Screening Levels (0-10') Screening Levels2 ( >10')
n-Butylbenzene 14,000* 240,000* <6.0 <6.4 <6.5 <2.2 JB <5.9 <5.8 <6.0 <6.4 <6.3 <6.1 <6.2 <6.3 <6.5 <6.0 <6.5 <6.5 <6.3 2.5 J <6.5 <6.3 <6.4
sec-Butylbenzene 11,000* 220,000* <6.0 <6.4 <6.5 1.3 J <5.9 <5.8 <6.0 <6.4 <6.3 <6.1 <6.2 <6.3 <6.5 <6.0 <6.5 <6.5 <6.3 <6.2 <6.5 <6.3 <6.4
Carbon tetrachloride 70 580 <6.0 <6.4 200.0 21.0 13.0 3.5 J <6.0 <6.4 <6.3 <6.1 <6.2 <6.3 <6.5 <6.0 <6.5 <6.5 <6.3 <6.2 <6.5 <6.3 <6.4
Chloroform 250 580 <6.0 <6.4 2.2 J .68 J 0.73 J <5.8 <6.0 <6.4 0.47 J <6.1 <6.2 <6.3 <6.5 <6.0 <6.5 <6.5 <6.3 <6.2 <6.5 3.0 J 0.6 J
1,2-Dichlorobenzene 17,000 370,000 <6.0 <6.4 <6.5 <6.2 <5.9 <5.8 5.5 J <6.4 <6.3 <6.1 <6.2 <6.3 <6.5 <6.0 <6.5 <6.5 <6.3 <6.2 <6.5 <6.3 <6.4
1,3-Dichlorobenzene 6,900* 14,000* <6.0 <6.4 <6.5 <6.2 J <5.9 <5.8 0.78 J <6.4 <6.3 <6.1 <6.2 <6.3 <6.5 <6.0 <6.5 <6.5 <6.3 <6.2 <6.5 <6.3 <6.4
1,1-Dichloroethene 60 47,000* 0.86 J <6.4 2.2 J <6.2 <5.9 <5.8 <6.0 <6.4 <6.3 <6.1 <6.2 <6.3 <6.5 <6.0 <6.5 <6.5 <6.3 <6.2 <6.5 1.1 J <6.4
1,2-Dichloroethane 20 840 NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR
cis-1,2-Dichloroethene 400 16,000* 700.0 120.0 52.0 11.0 16.0 6.6 32.0 500.0 140.0 11.0 <6.2 <6.3 <6.5 <6.0 <6.5 <6.5 <6.3 0.7 J 14 18 3.6 J
trans-1,2-Dichloroethene 700 20,000* 36.0 8.5 0.4 J <6.2 <5.9 <5.8 1.6 J 16.0 0.54 J <6.1 <6.2 <6.3 <6.5 <6.0 <6.5 <6.5 <6.3 <6.2 1.6 J <6.3 <6.4
Ethylbenzene 13,000 230,000 <6.0 <6.4 19.0 120.0 7.8 3.0 J <6.0 <6.4 <6.3 <6.1 <6.2 <6.3 <6.5 <6.0 <6.5 <6.5 <6.3 <6.2 <6.5 <6.3 <6.4
Hexachlorobutadiene 2,000 2,500 <6.0 J <6.4 J <6.5 J 8.6 <5.9 J <5.8 J <6.0 J <6.4 J <6.3 J <6.1 J <6.2 <6.3 <6.5 <6.0 <6.5 <6.5 <6.3 <6.2 <6.5 <6.3 <6.4
Isopropylbenzene 37,000 58,000* <6.0 <6.4 <6.5 0.78 J <5.9 <5.8 <6.0 <6.4 <6.3 <6.1 <6.2 <6.3 <6.5 <6.0 <6.5 <6.5 <6.3 <6.2 <6.5 <6.3 <6.4
4-Isopropyltoluene (p-isopropylte) - - <6.0 <6.4 1.7 J 8.8 J <5.9 <5.8 <6.0 <6.4 <6.3 <6.1 <6.2 <6.3 <6.5 <6.0 <6.5 <6.5 <6.3 1.5 J <6.5 <6.3 <6.4
Naphthalene 12,000* 21,000* <6.0 <6.4 <6.5 J <1.8 JB <5.9 <5.8 J <6.0 J <6.4 J <6.3 J <6.1 J <1.2 JB <6.3 <6.5 <6.0 <1.7 JB <6.5 <6.3 8.7 <6.5 <6.3 <6.4
1,1,1,2-Tetrachloroethane 3,000 7,600 <6.0 <6.4 140.0 120.0 18.0 13.0 <6.0 <6.4 <6.3 <6.1 <6.2 <6.3 <6.5 <6.0 <6.5 <6.5 <6.3 <6.2 <6.5 6 J <6.4
1,1,2,2-Tetrachloroethane 3 970 <6.0 <6.4 <6.5 <6.2 <5.9 1.2 J <6.0 <6.4 <6.3 <6.1 <6.2 <6.3 <6.5 <6.0 <6.5 <6.5 <6.3 <6.2 <6.5 <6.3 <6.4
Tetrachloroethene 60 1,700 130.0 J 4,900.0 180,000.0 J 110,000.0 J 27,000.0 3,200,000.0 J 280.0 J 19.0 3,500.0 1,100.0 1.2 J <6.3 6.1 J <6.0 1.2 J 0.46 J <6.3 100.0 J 320.0 8,000.0 2,900.0
Toluene 12,000 520,000 <6.0 <6.4 7.3 4.6 J <5.9 <5.8 0.66 J <6.4 <6.3 <6.1 0.68 J <6.3 <6.5 <6.0 <6.5 <6.5 <6.3 1.0 J <6.5 <6.3 <6.4
1,2,4-Trichlorobenzene 5,000 26,000* <6.0 <6.4 <6.5 <6.2 J <5.9 <5.8 <6.0 <6.4 <6.3 <6.1 <6.2 <6.3 <6.5 <6.0 <6.5 <6.5 <6.3 2.1 J <6.5 <6.3 <6.4
1,1,1-Trichloroethane 2,000 1,400,000 <6.0 <6.4 1.2 J <6.2 <5.9 <5.8 <6.0 <6.4 <6.3 <6.1 <6.2 <6.3 <6.5 <6.0 <6.5 <6.5 <6.3 <6.2 <6.5 <6.3 <6.4
1,1,2-Trichloroethane 20 2,100 <6.0 <6.4 15 4.9 J 3.1 J 2.9 J <6.0 <6.4 0.62 J <6.1 <6.2 <6.3 <6.5 <6.0 <6.5 <6.5 <6.3 <6.2 <6.5 1.7 J 0.8 J
Trichloroethene 43 100 590.0 520.0 140.0 140.0 18 6.0 <6.0 130.0 61 J 9.3 <6.2 <6.3 <6.5 <6.0 <6.5 <6.5 <6.3 7.0 52.0 110.0 20.0
1,2,4-Trimethylbenzene 5,700 19,000* <6.0 <6.4 <1.2 JB <5.1 JB <5.9 <5.8 <0.93 JB <6.4 <6.3 <6.1 <6.2 <6.3 <6.5 <6.0 <1.4 JB <6.5 <6.3 11.0 <6.5 <0.84 JB <6.4
1,3,5-Trimethylbenzene 2,100* 7,800* <6.0 <6.4 <2.0 JB 7.7 J <5.9 <5.8 <6.0 <6.4 <6.3 <6.1 <6.2 <6.3 <6.5 <6.0 <6.5 <6.5 <6.3 5.1 J 0.89 J <6.3 <6.4
o-Xylene 210,000 280,000 <6.0 <6.4 8.3 32 2.1 J 0.97 J <6.0 <6.4 <6.3 <6.1 <6.2 <6.3 <6.5 <6.0 <6.5 <6.5 <6.3 <6.2 <6.5 <6.3 <6.4
m-and-p-Xylene 210,000 210,000 <6.0 <6.4 58 400 26 10 <6.0 <6.4 <6.3 <6.1 <6.2 <6.3 <6.5 <6.0 <6.5 <6.5 <6.3 <6.2 <6.5 <6.3 <6.4
Notes:
Bold = Detected concentration
Gray highlight = Indicates a detected concentration above the selected screening level.
< = Chemical not detected
B = Blank detection
D = Qualified at dilution
J = Estimated, assigned by laboratory
NR = Not reported

2 = Screening value based on USEPA Region 6 MSSLs for industrial outdoor worker. 

* = MSSLs adjusted downward by a factor of 10 to account for cumulative effects from multiple 
noncarcinogens acting on the same target organ.
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TABLE 2-11
2007 USACE Kansas City District Soil Analytical Data
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID
Sample Interval (ft)

VOCs (µg/kg) Screening Levels (0-10') Screening Levels2 ( >10')
n-Butylbenzene 14,000* 240,000*
sec-Butylbenzene 11,000* 220,000*
Carbon tetrachloride 70 580
Chloroform 250 580
1,2-Dichlorobenzene 17,000 370,000
1,3-Dichlorobenzene 6,900* 14,000*
1,1-Dichloroethene 60 47,000*
1,2-Dichloroethane 20 840
cis-1,2-Dichloroethene 400 16,000*
trans-1,2-Dichloroethene 700 20,000*
Ethylbenzene 13,000 230,000
Hexachlorobutadiene 2,000 2,500
Isopropylbenzene 37,000 58,000*
4-Isopropyltoluene (p-isopropylte) - -
Naphthalene 12,000* 21,000*
1,1,1,2-Tetrachloroethane 3,000 7,600
1,1,2,2-Tetrachloroethane 3 970
Tetrachloroethene 60 1,700
Toluene 12,000 520,000
1,2,4-Trichlorobenzene 5,000 26,000*
1,1,1-Trichloroethane 2,000 1,400,000
1,1,2-Trichloroethane 20 2,100
Trichloroethene 43 100
1,2,4-Trimethylbenzene 5,700 19,000*
1,3,5-Trimethylbenzene 2,100* 7,800*
o-Xylene 210,000 280,000
m-and-p-Xylene 210,000 210,000
Notes:
Bold = Detected concentration
Gray highlight = Indicates a detected concentration above the selected screening level.
< = Chemical not detected
B = Blank detection
D = Qualified at dilution
J = Estimated, assigned by laboratory
NR = Not reported

2 = Screening value based on USEPA Region 6 MSSLs for industrial outdoor worker. 

* = MSSLs adjusted downward by a factor of 10 to account for cumulative effects from multiple 
noncarcinogens acting on the same target organ.

SB-028 SB-028 SB-028 SB-028 SB-029 SB-029 SB-029 SB-029 SB-030 SB-030 SB-030 SB-030 SB-031 SB-031 SB-031 SB-031 SB-032 SB-032 SB-032 SB-032 SB-033 SB-033
0.5-1 5-6 15-16 20-21 0.5-1 5-6 15-16 20-21 1.3-1.8 5-6 15-16 21-22 1.3-1.8 5-6 14-15 21-22 1.1-1.6 5-6 15-16 21-22 0.5-1 5-6

<6.4 J <6.5 J <6.2 J <6.3 J <6.4 J <6.5 J <6.2 J <6.1 J NR NR NR NR NR NR NR NR NR NR NR NR NR NR
<6.4 J <6.5 J <6.2 J <6.3 J <6.4 J <6.5 J <6.2 J <6.1 J NR NR NR NR NR NR NR NR NR NR NR NR NR NR
<6.4 <6.5 <6.2 <6.3 <6.4 <6.5 <6.2 <6.1 NR NR NR NR NR NR NR NR NR NR NR NR NR NR
<6.4 <6.5 2.2 J 1.2 J <6.4 <6.5 2.2 J <6.1 NR NR NR NR NR NR NR NR NR NR NR NR NR NR
<6.4 <6.5 <6.2 <6.3 <6.4 <6.5 <6.2 <6.1 NR NR NR NR NR NR NR NR NR NR NR NR NR NR

<6.4 J <6.5 J <6.2 J <6.3 J <6.4 J <6.5 J <6.2 J <6.1 J NR NR NR NR NR NR NR NR NR NR NR NR NR NR
<6.4 <6.5 <6.2 <6.3 <6.4 <6.5 <6.2 <6.1 NR NR NR NR NR NR NR NR NR NR NR NR NR NR
NR NR NR NR NR NR NR NR <6.2 2.6 J 12.0 130.0 <6.1 7.1 49.0 3.9 J <6.3 1.4 J 11.0 <6.2 <6.3 <6.4
86 J 50.0 160.0 63.0 0.67 J 58.0 100.0 140.0 0.80 J 19.0 J 8.4 J 0.95 J 53.0 J 43.0 J <6.3 J <6.1 J <6.3 J 3.9 J <6.4 J <6.2 <6.3 7.6
1.9 J 1.4 J 1.3 J 0.41 J <6.4 0.62 J 1.7 J 2.0 J <6.2 J 1.0 J <6.1 J <6.2 J 13 J 6.8 J <6.3 J <6.1 J <6.3 J <6.7 J <6.4 J <6.2 <6.3 <6.4
<6.4 <6.5 <6.2 <6.3 <6.4 <6.5 <6.2 <6.1 NR NR NR NR NR NR NR NR NR NR NR NR NR NR
<6.4 <6.5 <6.2 <6.3 <6.4 <6.5 <6.2 <6.1 NR NR NR NR NR NR NR NR NR NR NR NR NR NR
<6.4 <6.5 <6.2 <6.3 <6.4 <6.5 <6.2 <6.1 NR NR NR NR NR NR NR NR NR NR NR NR NR NR

<6.4 J <6.5 J <6.2 J <6.3 J <6.4 J <6.5 J <6.2 J <6.1 J NR NR NR NR NR NR NR NR NR NR NR NR NR NR
<3.4 J <6.5 J <6.2 J <6.3 J <6.4 J <1.4 JB <6.2 J <6.1 J NR NR NR NR NR NR NR NR NR NR NR NR NR NR
<6.4 <6.5 4.5 J <6.3 <6.4 <6.5 <6.2 <6.1 NR NR NR NR NR NR NR NR NR NR NR NR NR NR
<6.4 <6.5 <6.2 <6.3 <6.4 <6.5 <6.2 <6.1 NR NR NR NR NR NR NR NR NR NR NR NR NR NR

6,400.0 780.0 3,500.0 2,300.0 17.0 J 48.0 J 550.0 610.0 <6.2 58.0 2,100.0 D 1,000.0 D <6.1 920.0 D 460.0 D 4.1 J <6.3 <6.7 10.0 0.40 J 11.0 11.0
<6.4 <6.5 <6.2 <6.3 <6.4 <6.5 <6.2 <6.1 NR NR NR NR NR NR NR NR NR NR NR NR NR NR

<6.4 J <6.5 J <6.2 J <6.3 J <6.4 J <6.5 J <6.2 J <6.1 J NR NR NR NR NR NR NR NR NR NR NR NR NR NR
<6.4 <6.5 <6.2 <6.3 <6.4 <6.5 <6.2 <6.1 <6.2 <6.4 <6.1 <6.2 <6.1 <6.3 <6.3 <6.1 <6.3 <6.7 <6.4 <6.2 <6.3 <6.4
<6.4 <6.5 0.88 J <6.3 <6.4 <6.5 <6.2 <6.1 NR NR NR NR NR NR NR NR NR NR NR NR NR NR
810.0 43.0 110.0 54.0 2.2 J 31.0 59.0 66.0 0.65 J 42.0 J 14.0 J 11.0 J 41.0 J 180.0 J 16.0 J 1.2 J <6.3 J 4.2 J 3.0 J <6.2 1.1 J 6.5

<1.9 JB <6.5 <6.2 <6.3 <6.4 <2.0 JB <0.71 JB <6.1 NR NR NR NR NR NR NR NR NR NR NR NR NR NR
<6.4 J <6.5 J <6.2 J <6.3 J <6.4 J <0.83 JB <6.2 J <6.1 J NR NR NR NR NR NR NR NR NR NR NR NR NR NR
<6.4 <6.5 <6.2 <6.3 <6.4 <6.5 <6.2 <6.1 NR NR NR NR NR NR NR NR NR NR NR NR NR NR
<6.4 <6.5 <6.2 <6.3 <6.4 <6.5 <6.2 <6.1 NR NR NR NR NR NR NR NR NR NR NR NR NR NR
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TABLE 2-11
2007 USACE Kansas City District Soil Analytical Data
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID
Sample Interval (ft)

VOCs (µg/kg) Screening Levels (0-10') Screening Levels2 ( >10')
n-Butylbenzene 14,000* 240,000*
sec-Butylbenzene 11,000* 220,000*
Carbon tetrachloride 70 580
Chloroform 250 580
1,2-Dichlorobenzene 17,000 370,000
1,3-Dichlorobenzene 6,900* 14,000*
1,1-Dichloroethene 60 47,000*
1,2-Dichloroethane 20 840
cis-1,2-Dichloroethene 400 16,000*
trans-1,2-Dichloroethene 700 20,000*
Ethylbenzene 13,000 230,000
Hexachlorobutadiene 2,000 2,500
Isopropylbenzene 37,000 58,000*
4-Isopropyltoluene (p-isopropylte) - -
Naphthalene 12,000* 21,000*
1,1,1,2-Tetrachloroethane 3,000 7,600
1,1,2,2-Tetrachloroethane 3 970
Tetrachloroethene 60 1,700
Toluene 12,000 520,000
1,2,4-Trichlorobenzene 5,000 26,000*
1,1,1-Trichloroethane 2,000 1,400,000
1,1,2-Trichloroethane 20 2,100
Trichloroethene 43 100
1,2,4-Trimethylbenzene 5,700 19,000*
1,3,5-Trimethylbenzene 2,100* 7,800*
o-Xylene 210,000 280,000
m-and-p-Xylene 210,000 210,000
Notes:
Bold = Detected concentration
Gray highlight = Indicates a detected concentration above the selected screening level.
< = Chemical not detected
B = Blank detection
D = Qualified at dilution
J = Estimated, assigned by laboratory
NR = Not reported

2 = Screening value based on USEPA Region 6 MSSLs for industrial outdoor worker. 

* = MSSLs adjusted downward by a factor of 10 to account for cumulative effects from multiple 
noncarcinogens acting on the same target organ.

SB-033 SB-033 SB-033 SB-034 SB-034 SB-034 SB-034
13-14 19-20 23-24 0.5-1 5-6 14-15 20-21

NR NR NR NR NR NR NR
NR NR NR NR NR NR NR
NR NR NR NR NR NR NR
NR NR NR NR NR NR NR
NR NR NR NR NR NR NR
NR NR NR NR NR NR NR
NR NR NR NR NR NR NR
<6.2 <6.3 <6.2 <6.4 <6.5 <6.1 <6.1

190.0 JD 340.0 JD 280.0 J 8.7 1.7 J 17.0 7.3
3.9 J 6.8 3.3 J <6.4 <6.5 0.45 J <6.1
NR NR NR NR NR NR NR
NR NR NR NR NR NR NR
NR NR NR NR NR NR NR
NR NR NR NR NR NR NR
NR NR NR NR NR NR NR
NR NR NR NR NR NR NR
NR NR NR NR NR NR NR

1,100.0 D 1,500.0 D 890.0 J 52.0 28.0 1,000.0 D 380.0 D
NR NR NR NR NR NR NR
NR NR NR NR NR NR NR
<6.2 <6.3 <6.2 <6.4 <6.5 0.94 J 0.53 J
NR NR NR NR NR NR NR

120.0 180.0 JD 140.0 16.0 32.0 38.0 17.0
NR NR NR NR NR NR NR
NR NR NR NR NR NR NR
NR NR NR NR NR NR NR
NR NR NR NR NR NR NR
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TABLE 2-12
April 2007 USACE Kansas City District Groundwater Analytical Data
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Sample ID MW-106 MW-107 MW-108 MW-109 MW-110 MW-111 MW-112 MW-113 MW-114

VOC (µg/L) Reporting Limits Screening Levels
Benzene 5 0.35 <5 <5 <5 <5 <5 0.22 J <5 <5 <5
Carbon tetrachloride 5 0.17 <5 <5 <5 <5 <5 2.7 J <5 <5 <5
Chloroform 5 0.17 <5 <5 <5 <5 0.35 J 20.0 <5 <5 <5
Chloromethane 10 19* <10 <10 <10 <10 0.46 J <10 <10 <10 0.45 J
1,2-Dichloroethane 5 0.12 4.4 J 3.0 J <5 <5 150 <5 <5 <5 3.3 J
1,1-Dichloroethene 5 34* <5 <5 <5 <5 0.96 J 3.8 J <5 <5 <5
cis-1,2-Dichloroethene 5 6.1* <5 <5.0 10.0 1.7 J 46 250 JD <5 <5 <5
trans-1,2-Dichloroethene 5 11* <5 <5.0 0.54 J <5.0 0.93 J 12 <5 <5 <5
Ethylbenzene 5 130* <5 0.68 J <5 <5 0.31 J 0.39 J 0.28 J <5 <5
1,1,1,2-Tetrachloroethane 5 0.43 <5 <5 <5 <5 <5.0 16 <5 <5 <5
1,1,2,2-Tetrachloroethane 5 0.055 <5 <5 <5 <5 <5.0 0.58 J <5 <5 <5
Tetrachloroethene 5 0.1 <5 <5 <5 3.9 J 7700 D 29000 D <5 <5 <5
Trichloroethene 5 0.028 <5 <5 18.0 5.8 82 1400 D <5 <5 <5
Viny chloride 5 0.015 <5 <5 <5 <5 <5 0.32 J <5 <5 <5
m-and-p-Xylene 5 21* <5 1.4 J <5 <5 <5 0.84 J 0.72 J <5 <5
Notes:
Gray highlight = Indicates a detected concentration above the selected screening level.
< = Chemical not detected
D = Quantified at dilution
J = Reported value is estimated
* = MSSLs adjusted downward by a factor of 10 to account for cumulative effects from multiple noncarcinogens acting on the same target organ.
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TABLE 3-1
Soil Screening Levels
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Analyte MSSL SSL Background

Selected 
Screening Level 

(0-10' bgs)

Selected 
Screening Level2 

(>10' bgs)
Metals (mg/kg)
Aluminum 7,700* - - 7,700* 100,000
Antimony 3.1* 5 NC 3.1* 45*
Arsenic 0.39 29 13.2 13.2 13.2
Barium 1,600* 1,600 NC 1,600* 100,000
Beryllium 16* 63 1.01 16* 220*
Cadmium 3.9* 8 3.84 3.9* 56*
Calcium - - - - -
Chromium 210 38 25.5 38 500
Cyanide 120* - - 120* 1,400*
Cobalt 900 - - 900 2,100
Copper 290* - 59.1 290* 4,200*
Iron 5,500* - - 5,500* 100,000
Lead 400 - 363 400 800
Magnesium - - - - -
Manganese 350* - - 350* 3,500*
Mercury 2.3* - 0.154 2.3* 34*
Nickel 160* 130 27.9 130 2,300*
Potassium - - - - -
Selenium 39* 5 NC 5 570*
Silver 39* 34 NC 34 570*
Sodium - - - - -
Thallium 5.5 0.7 0.53 0.7 79
Vanadium 39* 6,000 - 39* 570*
Zinc 2,300* 12,000 414 2,300* 100,000
PCBs (mg/kg)
PCB 1260 - - - 1 1 1 1

PAHs/SVOCs (µg/kg)
Acenaphthene 370,000* 570,000 62.6 370,000* 3,300,000*
Acenaphthylene - - 30.5 30.5 30.5
Anthracene 2,200,000* 12,000,000 216 2,200,000* 100,000,000
Benzo(a)anthracene 150 2,000 887 887 2,300
Benzo(a)pyrene 15 8,000 735 735 230
Benzo(b)fluoranthene 150 500 626 626 2,300
Benzo(g,h,i)perylene - - 478 478 478
Benzo(k)fluoranthene 1,500 49,000 457 1,500 23,000
Chrysene 15,000 160,000 758 15,000 230,000
Dibenz(a,h)anthracene 15 2,000 303 303 230
Fluoranthene 230,000* 4,300,000 1,740 230,000* 2,400,000*
Fluorene 260,000* 560,000 77.4 260,000* 2,600,000*
Indeno(1,2,3-cd)pyrene 150 14,000 415 415 2,300
Naphthalene 12,000* 84,000 NC 12,000* 21,000*
Phenanthrene - - 1,040 1,040 1,040
Pyrene 230,000* 4,200,000 1,350 230,000* 3,200,000*
VOCs (µg/kg)
Acetone 1,400,000* 16,000 - 16,000 6,000,000*
Benzene 660 30 - 30 1,600
Bromobenzene 7,300 - - 7,300 12,000*
Bromochloromethane - - - - -
Bromoform 62,000 800 - 800 240,000
Bromomethane 870* 200 - 200 1,500
2-Butanone 3,200,000* - - 3,200,000* 3,400,000*
n-Butylbenzene 14,000* - - 14,000* 240,000*
sec-Butylbenzene 11,000* - - 11,000* 220,000*
tert-Butylbenzene 13,000* - - 13,000* 390,000*
Carbon disulfide 720,000 32,000 - 32,000 720,000*
Carbon tetrachloride 240 70 - 70 580
Chlorobenzene 27,000* 1,000 - 1,000 50,000*
Chloroethane 3,000 - - 3,000 7,200
Chloroform 250 600 - 250 580
Chloromethane 11,000* - - 11,000* 17,000*
2-Chlorotoluene 160,000* - - 160,000* 510,000
4-Chlorotoluene - - - - -
1,2-Dibromo-3-chloropropane 2.6 - - 2.6 20
Dibromochloromethane 1,000 400 - 400 2,600
1,2-Dibromoethane 28 - - 28 70
Dibromomethane 14,000* - - 14,000* 59,000*
1,2-Dichlorobenzene 28,000* 17,000 - 17,000 370,000
1,3-Dichlorobenzene 6,900* - - 6,900* 14,000*
1,4-Dichlorobenzene 3,200 2,000 - 2,000 8,100
Dichlorodifluoromethane 9,400* - - 9,400* 340,000
1,1-Dichloroethane 85,000* 23,000 - 23,000 2,300,000
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TABLE 3-1
Soil Screening Levels
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Analyte MSSL SSL Background

Selected 
Screening Level 

(0-10' bgs)

Selected 
Screening Level2 

(>10' bgs)
1,2-Dichloroethane 350 20 - 20 840
1,1-Dichloroethene 28,000* 60 - 60 47,000*
cis-1,2-Dichloroethene 4,300* 400 - 400 16,000*
trans-1,2-Dichloroethene 12,000* 700 - 700 20,000*
1,2-Dichloropropane 350 30 - 30 850
1,3-Dichloropropane 11,000* - - 11,000* 41,000*
2,2-Dichloropropane - - - - -
1,1-Dichloropropene - - - - -
cis-1,3-Dichloropropene - - - - -
trans-1,3-Dichloropropene - - - - -
Ethylbenzene 230,000 13,000 - 13,000 230,000
Hexachlorobutadiene 6,200 2,000 - 2,000 2,500
2-Hexanone - - - - -
Isopropylbenzene 37,000 - - 37,000 58,000*

4-Isopropyltoluene (p-isopropylte) - - - - -
4-Methylene-2-pentanone - - - - -
Methylene chloride 8,900 20 - 20 22,000
Naphthalene 12,000* 84,000 - 12,000* 21,000*
n-Propylbenzene 14,000* - - 14,000* 240,000
Styrene 1,700,000 4,000 - 4,000 1,700,000
1,1,1,2-Tetrachloroethane 3,000 - - 3,000 7,600
1,1,2,2-Tetrachloroethane 380 3 - 3 970
Tetrachloroethene 550 60 - 60 1,700
Toluene 520,000 12,000 - 12,000 520,000
1,2,3-Trichlorobenzene - - - - -
1,2,4-Trichlorobenzene 14,000* 5,000 - 5,000 26,000*
1,1,1-Trichloroethane 1,400,000 2,000 - 2,000 1,400,000
1,1,2-Trichloroethane 840 20 - 20 2,100
Trichloroethene 43 60 - 43 100
1,2,3-Trichloropropane 320 - - 320 1,600
1,2,4-Trimethylbenzene 5,700 - - 5,700 19,000*
1,3,5-Trimethylbenzene 2,100* - - 2,100* 7,800*
Vinyl chloride 43 10 - 10 860
Xylenes (total) 210,000 210,000 - 210,000 210,000
Bromodichloromethane 1,000 600 - 600 2,600
Trichlorofluoromethane 39,000* - - 39,000* 140,000*
o-Xylene 280,000 210,000 - 210,000 280,000
m-and-p-Xylene 210,000 210,000 - 210,000 210,000
Notes:

NC = Not calculated due to an insufficient number of normally distributed data points
1 = PCB 1260 was compared to TCSA screening level of 1 mg/kg
2 = Screening value based on USEPA Region 6 MSSLs for industrial outdoor worker. 

* = MSSLs adjusted downward by a factor of 10 to account for cumulative effects from multiple noncarcinogens acting 
on the same target organ.

MSSL = USEPA Region 6 Medium-Specific Screening Levels (MSSLs) for residential land use
SSL = USEPA Region 6 Soil Screening Levels (SSLs) for protection of migration to groundwater using a dilution-
attenuation factor (DAF) of 20 
Background = Data taken from URS. May 2004. Site-Specific Environmental Baseline Survey St. Louis Army 
Ammunition Plant St. Louis, Missouri. 
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TABLE 3-2
Groundwater Screening Levels
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Analyte MSSL EPA SL
Selected 

Screening Level
Metals (mg/L)
Aluminum 3.7* - 3.7*
Antimony 0.0015* - 0.0015*
Arsenic 0.045 - 0.045
Barium 0.73* - 0.73*
Beryllium 0.0073* - 0.0073*
Cadmium 0.0018* - 0.0018*
Calcium - - -
Chromium - - -
Cobalt 0.073 - 0.073
Copper 0.14* - 0.14*
Iron 2.6* - 2.6*
Lead 0.015 - 0.015
Magnesium - - -
Manganese 0.17* - 0.17*
Mercury 0.0011* 0.00068 0.00068
Nickel 0.073* - 0.073*
Postassium - - -
Selenium 0.018* - 0.018*
Silver 0.018* - 0.018*
Sodium - - -
Thallium 0.0026* - 0.0026*
Vanadium 0.018* - 0.018*
Zinc 1.1* - 1.1*
VOCs (µg/L)
Acetone 550* 220,000 550*
Benzene 0.35 5 0.35
Bromobenzene 2.3* - 2.3*
Bromochloromethane - - -
Bromoform 8.5 8.3 8.3
Bromomethane 0.87* - 0.87*
2-Butanone 710* - 710*
n-Butylbenzene 6.1* - 6.1*
sec-butylbenzene 6.1* - 6.1*
t-Butylbenzene 6.1* - 6.1*
Carbon disulfide 100* 560 100*
Carbon tetrachloride 0.17 5 0.17
Chlorobenzene 9.1* 390 9.1*
Chloroethane 3.9 28,000 3.9
Chloroform 0.17 80 0.17
Chloromethane 19* - 19*
2-Chlorotoulene 12* - 12*
4-Chlorotoulene 12* - 12*
1,2-Dibromo-3-chloropropane 0.0002 33 0.0002
Dibromochloromethane 0.13 - 0.13
1,2-Dibromoethane 0.0056 0.36 0.0056
Dibromomethane 6.1* - 6.1*
1,2-Dichlorobenzene 4.9* 2,600 4.9*
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TABLE 3-2
Groundwater Screening Levels
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Analyte MSSL EPA SL
Selected 

Screening Level
1,3-Dichlorobenzene 1.4* 830 1.4*
1,4-Dichlorobenzene 0.47 8,200 0.47
Dichlorodifluoromethane 39* 14 14
1,1-Dichloroethane 120* 2,200 120*
1,2-Dichloroethane 0.12 5 0.12
1,1-Dichloroethene 34* 190 34*
cis-1,2-Dichloroethene 6.1* 210 6.1*
trans-1,2-Dichloroethene 11* 180 11*
1,2-Dichloropropane 0.16 35 0.16
1,3-Dichloropropane 12* - 12*
2,2-Dichloropropane - - -
1,1-Dichloropropene - - -
cis-1,3-Dichloropropene - - -
trans-1,3-Dichloropropene - - -
Ethylbenzene 130* 700 130*
Hexachlorobutadiene 0.86 - 0.86
2-Hexanone - - -
Isopropylbenzene 66 - 66

4-Isopropyltoluene (p-isopropylte) - - -
4-Methylene 2-pentanone - - -
Methylene chloride 4.3 58 4.3
Naphthalene 0.62* 150 0.62*
n-Propylbenzene 6.1* 320 6.1*
Styrene 160* 8,900 160*
1,1,1,2-Tetrachloroethane 0.43 3.3 0.43
1,1,2,2-Tetrachloroethane 0.055 3 0.055
Tetrachloroethene 0.1 5 0.1
Toluene 230* 1,500 230*
1,2,3-Trichlorobenzene - - -
1,2,4-Trichlorobenzene 0.82* 3,400 0.82*
1,1,1-Trichloroethane 910* 3,100 910*
1,1,2-Trichloroethane 0.2 5 0.2
Trichloroethene 0.028 5 0.028
1,2,3-Trichloropropane 0.034 290 0.034
1,2,4-Trimethylbenzene 1.5* 24 1.5*
1,3,5-Trimethylbenzene 1.2* 25 1.2*
Vinyl Chloride 0.015 2 0.015
Xylenes (total) 20* - 20*
Bromodichloromethane 0.18 2.1 0.18
Trichlorofluoromethane 130* 180 130*
m-and-p-Xylene 21* - 21*
Notes:
EPA SL = Environmental Protection Agency Screening Level for protection of indoor 
MSSL = USEPA Region 6 Medium-Specific Screening Levels (MSSLs) for residential 
water 
* = MSSLs adjusted downward by a factor of 10 to account for cumulative effects 
from multiple noncarcinogens acting on the same target organ.
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TABLE 3-3 
Physical / Chemical and Environmental Fate Parameters 
St. Louis Ordnance Plan, Former Hanley Area - St. Louis, Missouri 

Parameter Definition 

Molecular 
weight 

The molecular weight of a pure compound influences other physical characteristics of a compound. 
For example, organic compounds with higher molecular weights have less tendency to volatilize 
than those with lower molecular weights. 

Water solubility Water solubility is the maximum mass of a compound that can dissolve in a specific volume of 
water at a specific pH and temperature. Highly soluble compounds tend to be more mobile in 
groundwater, tend to leach from the soils, and are generally more biodegradable. The lower the 
solubility, the more likely the compound is to adsorb to soil or sediment. Aqueous concentrations in 
excess of the solubility may indicate sorption onto sediment, the presence of solubilizing chemicals 
such as solvents, or the presence of a NAPL. 

Specific gravity Specific gravity and solubility of liquid compounds are among the primary physical properties that 
affect the transport of separate phase liquids in water. The density of a relatively insoluble 
compound present as separate phase will determine whether it will sink or float in the saturated 
zone. 

Henry’s law 
constant 

Henry’s law constant describes the distribution of a chemical between air and water at equilibrium. 
It is usually defined as the ratio of the spatial pressure of the compound in air, measured in 
atmospheres, to the mole fraction of the compound in a water solution. A high Henry’s law constant 
indicates a tendency for a compound to volatilize rather than remain in water. 

Koc The soil organic carbon/water partitioning coefficient, Koc, is indicative of a compound’s water 
solubility and the sorptive capacity of the compound onto organic material at equilibrium. The 
higher the Koc, the more likely a chemical is to bind to soil or sediment than to remain in water. 

Kow The octanol-water partition coefficient, Kow, is indicative of hydrophobicity (the tendency of a 
chemical to avoid the aqueous phase) and is correlated with potential adsorption to soils. It is also 
used to estimate the potential for bioconcentration of chemicals into tissues. 

Kd The distribution coefficient, Kd, is a soil- or sediment-specific measure of the extent of chemical 
partitioning between the soil or sediment and the water. The extent of sorption can be reasonably 
calculated if the organic carbon content in the soil (foc) is known by using Kd = Koc × foc. The higher 
the Kd, the more likely a chemical is to bind to soil or sediment than to remain in water. 

Biodegradation 
half-life 

Biodegradation is the biological decomposition or chemical alteration of organic compound by 
microorganisms. Abiotic degradation such as photolysis can also decompose organic compounds. 

 



TABLE 3-4
Exposure Factors  for the Human Health Risk Assessment

St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Receptor Population Resident
Receptor Age Child

Exposure Route Parameter Definition Units Value Rationale/ Reference Value Rationale/ Reference Intake Equation/Model Name

Ingestion CS Chemical Concentration in Soil mg/kg EPC Calculated EPC Calculated Chronic Daily Intake (CDI) (mg/kg-day) =
Soil IR-S Ingestion Rate of Soil mg/day 100 USEPA 2002 200 USEPA 2002 CS x IR-S x EF x ED x CF1 x 1/BW x 1/AT

EF Exposure Frequency days/year 350 USEPA 2002 350 USEPA 2002
ED Exposure Duration years 24 USEPA 2002 6 USEPA 2002 CDIa (mg/kg-day) =

CF1 Conversion Factor 1 kg/mg 1.0E-06 — 1.0E-06 — CS x IR-S-Adj x EF x CF1 x 1/AT
BW Body Weight kg 70 USEPA 2002 15 USEPA 2002 IR-S-Adj (mg-year/kd-day) = 

AT-N Averaging Time (Noncancer) days 8,760 USEPA 2002 2,190 USEPA 2002 (ED-C x IR-S-C / BW-C)  +  (ED-A x IR-S-A / BW-A)
IR-S-Adj Ingestion Rate of Soil, Age-adjusted mg-year/kg-day 114 Calculated — —

AT-C Averaging Time (Cancer) days 25,550 USEPA 2002 — —
Dermal CS Chemical Concentration in Soil mg/kg EPC Calculated EPC Calculated Dermally Absorbed Dose (DAD) (mg/kg-day) =
Soil SA Skin Surface Area Available for Contact cm2 5,700 USEPA 2002 2,800 USEPA 2002 CS x SA x SSAF x DABS x CF1  x EF x  ED x 1/BW x 1/AT

SSAF Soil-to-Skin Adherence Factor mg/cm2-day 0.07 USEPA 2002 0.2 USEPA 2002
DABS Dermal Absorption Factor Solids -- chemical-specific USEPA 2004 chemical-specific USEPA 2004 DADa (mg/kg-day) =

CF1 Conversion Factor 1 kg/mg 1.0E-06 — 1.0E-06 — CS x DA-Adj x DABS x CF1  x EF x 1/AT
EF Exposure Frequency days/year 350 USEPA 2002 350 USEPA 2002 DA-Adj (mg-year/kg-day) = 
ED Exposure Duration years 24 USEPA 2002 6 USEPA 2002 (ED-C x SA-C x SSAF-C / BW-C) +
BW Body Weight kg 70 USEPA 2002 15 USEPA 2002 (ED-A x SA-A x SSAF-A / BW-A)

AT-N Averaging Time (Noncancer) days 8,760 USEPA 2002 2,190 USEPA 2002
DA-Adj Dermal Absorption, Age-adjusted mg-year/kg-day 361 Calculated — —
AT-C Averaging Time (Cancer) days 25,550 USEPA 2002 — —

Sources: Notes:

USEPA 2002. Su a.  Evaluation of carcinogenic chemicals for age-adjusted resident.

USEPA. 2004.  Risk Assessment Guidance for Superfund.  Vol.1:  Human Health Evaluation Manual  (Part E, Supplemental Guidance for Dermal Risk Assessment).  Final.  USEPA/540/R/99/005.

Parameter 
Code

Adult
Resident
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TABLE 3-4 (continued)
Exposure Factors  for the Human Health Risk Assessment

St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Receptor Population
Exposure Route Parameter Definition Units Value Rationale/ Reference Intake Equation/Model Name

Ingestion CS Chemical Concentration in Soil mg/kg EPC — Chronic Daily Intake (CDI) (mg/kg-day) =
(Soil) IR-S Ingestion Rate of Soil mg/day 50 USEPA 2002 CS x IR-S x EF x ED x CF1 x 1/BW x 1/AT

EF Exposure Frequency days/year 250 USEPA 2002
ED Exposure Duration years 25 USEPA 2002
BW Body Weight kg 70 USEPA 2002
CF1 Conversion Factor  1 kg/mg 0.000001 —
AT-C Averaging Time (Cancer) days 25,550 USEPA 2002
AT-N Averaging Time (Noncancer) days 9,125 USEPA 2002

Dermal CS Chemical Concentration in Soil mg/kg EPC — Dermally Absorbed Dose (DAD) (mg/kg-day) =
(Soil) SA Skin Surface Area Available for Contact cm2 3,300 USEPA 2002 CS x SA x SSAF x DABS x CF1  x EF x  ED x 1/BW x 1

SSAF Soil to Skin Adherence Factor mg/cm2-day 0.07 USEPA 2002
DABS Dermal Absorption Factor Solids — chemical-specific USEPA 2004

EF Exposure Frequency days/year 250 USEPA 2002
ED Exposure Duration years 25 USEPA 2002
BW Body Weight kg 70 USEPA 2002
CF1 Conversion Factor  1 kg/mg 0.000001 —
AT-C Averaging Time (Cancer) days 25,550 USEPA 2002
AT-N Averaging Time (Noncancer) days 9,125 USEPA 2002

Sources:
USEPA 2002. Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24.
USEPA 2004. Risk Assessment Guidance for Superfund. Vol.1:  Human Health Evaluation Manual  (Part E, Supplemental Guidance for Dermal Risk Assessment) Final.USEPA/540/R/99/005.

Industrial WorkerParameter
Code
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TABLE 3-4 (continued)
Exposure Factors  for the Human Health Risk Assessment

St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Receptor Population
Exposure Route Parameter Definition Units Value Rationale/ Reference Value Rationale/ Reference Intake Equation/Model Name

Ingestion CS Chemical Concentration in Soil mg/kg EPC — EPC — Chronic Daily Intake (CDI) (mg/kg-day) =
(Soil) IR-S Ingestion Rate of Soil mg/day 330 USEPA 2002 330 USEPA 2002 CS x IR-S x EF x ED x CF1 x 1/BW x 1/AT

EF Exposure Frequency days/year TBD  250 USEPA 2002
ED Exposure Duration years 1 USEPA 2002 1 USEPA 2002
BW Body Weight kg 70 USEPA 2002 70 USEPA 2002
CF1 Conversion Factor  1 kg/mg 0.000001 — 0.000001 —
AT-C Averaging Time (Cancer) days 25,550 USEPA 2002 25,550 USEPA 2002
AT-N Averaging Time (Noncancer) days 365 USEPA 2002 365 USEPA 2002

Dermal CS Chemical Concentration in Soil mg/kg EPC — EPC — Dermally Absorbed Dose (DAD) (mg/kg-day) =
(Soil) SA Skin Surface Area Available for Contact cm2 3,300 USEPA 2002 3,300 USEPA 2002 CS x SA x SSAF x DABS x CF1  x EF x  ED x 1/BW x 1

SSAF Soil to Skin Adherence Factor mg/cm2-day 0.3 USEPA 2002 0.3 USEPA 2002
DABS Dermal Absorption Factor Solids — chemical-specific USEPA 2004 chemical-specific USEPA 2004

EF Exposure Frequency days/year TBD  250 USEPA 2002
ED Exposure Duration years 1 USEPA 2002 1 USEPA 2002
BW Body Weight kg 70 USEPA 2002 70 USEPA 2002
CF1 Conversion Factor  1 kg/mg 0.000001 — 0.000001 —
AT-C Averaging Time (Cancer) days 25,550 USEPA 2002 25,550 USEPA 2002
AT-N Averaging Time (Noncancer) days 365 USEPA 2002 365 USEPA 2002

Sources:
USEPA 2002. Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24.
USEPA 2004. Risk Assessment Guidance for Superfund. Vol.1:  Human Health Evaluation Manual  (Part E, Supplemental Guidance for Dermal Risk Assessment) Final.USEPA/540/R/99/005.

Utility Worker Construction WorkerParameter
Code
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TABLE 3-4 (continued)
Exposure Factors  for the Human Health Risk Assessment

St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Receptor Population
Exposure Route Parameter Code Parameter Definition Units Value Rationale/ Reference Value Rationale/ Reference Intake Equation/Model Name 

Dermal CW Chemical Concentration in Water µg/l EPC calculated EPC calculated Dermally Absorbed Dose (DAD) (mg/kg-day) =
(Groundwater) DAevent Dermally Absorbed Dose per Event mg/cm2-event calculated calculated calculated calculated DAevent x SA x EV x EF x ED x 1/BW x 1/AT

FA Fraction absorbed water dimensionless chemical-specific USEPA 2004 chemical-specific USEPA 2004 Inorganics:  DAevent (mg/cm2-event) = 
Kp Permeability Coefficient cm/hr chemical-specific USEPA 2004 chemical-specific USEPA 2004 Kp x CW x tevent x CF2 x CF3

τ Lag Time hr/event chemical-specific USEPA 2004 chemical-specific USEPA 2004 Organics :
t* Time to Reach Steady-state hours chemical-specific USEPA 2004 chemical-specific USEPA 2004 tevent<t*:  DAevent (mg/cm2-event) = 

B Ratio of Permeability of Stratum Corneum to 
Epidermis dimensionless chemical-specific USEPA 2004 chemical-specific USEPA 2004 2 x FA x Kp x CW x (sqrt((6 x τ x tevent)/π))

tevent Event Time hr/event 2 a TBD d     x CF2 x CF3
SA Skin Surface Area Available for Contact cm2 3,300 USEPA 2004b 3,300 USEPA 2004b tevent>t*:  DAevent (mg/cm2-event) = 
EV Event Frequency events/day 1 — 1 — FA x Kp x CW x ( tevent/(1+B) + 2 x τ x 

EF Exposure Frequency days/year 30 c TBD c     ((1 + 3B + 3B2)/(1+B)2)) x CF2 x CF3
ED Exposure Duration years 1 USEPA 2002 1 USEPA 2002
BW Body Weight kg 70 USEPA 1991 70 USEPA 1991

AT-N Averaging Time (Noncancer) days 365 USEPA 1989 365 USEPA 1989
CF2 Conversion Factor 2 mg/µg 0.001 — 0.001 —
CF3 Conversion Factor 3 l/cm3 0.001 — 0.001 —

DAevent-Adj Dermally Absorbed Dose per Event - Age Adjusted mg-year/event-kg — — — —
AT-C Averaging Time (Cancer) days 25,550 USEPA 1989 25,550 USEPA 1989

Sources:
USEPA. 1989. Risk Assessment Guidance for Superfund. Vol.1: Human Health Evaluation Manual,  Part A. OERR. EPA/540/1-89/002.
USEPA. 1991. Risk Assessment Guidance for Superfund. Vol.1: Human Health Evaluation Manual - Supplemental Guidance, Standard Default Exposure Factors.  Interim Final. OSWER Directive 9285.6-03.
USEPA. 2002. Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites.  OSWER 9355.4-24.
USEPA. 2004. Risk Assessment Guidance for Superfund. Vol.1: Human Health Evaluation Manual  (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. EPA/540/R/99/005.
Notes:
a. Professional judgement assuming 2 hrs per event.
b.  SA includes head, hands, and forearms.
c. Professional judgement assuming groundwater contact 30 days during construction.
d. To be determined based on historic repair frequency.

Construction Worker Utility Worker
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TABLE 3-4 (continued)
Exposure Factors  for the Human Health Risk Assessment

St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

 

Receptor Population Age-Adjusted
Parameter Definition Units Value Rationale/ Reference Value Rationale/ Reference Value Intake Equation/Model Name 

Ingestion CW Chemical Concentration in Water µg/l RME  RME RME Chronic Daily Intake (CDI) (mg/kg-day) =
(Groundwater) IR-W Ingestion Rate of Water (A=adult, C=ch L/day 2 USEPA, 1989 1 USEPA, 1997 CW x IR-W-A x EF x ED-A x CF1 x 1/BW-A x 1/AT

EF Exposure Frequency days/year 350 USEPA, 1991 350 USEPA, 1991
ED Exposure Duration (A=adult, C=child) years 24 USEPA, 1991 6 USEPA, 1991
BW Body Weight  (A=adult, C=child) kg 70 USEPA, 1989 15 USEPA, 1991

AT-N Averaging Time (Non-Cancer) days 8,760 USEPA, 1989 2,190 USEPA, 1989
CF1 Conversion Factor 1 mg/µg 1.0E-03 - - 1.0E-03 - -

CW Chemical Concentration in Water µg/l RME CDI (mg/kg-day) =
IR-W-Adj Ingestion Rate of Water, Age-adjusted liter-year/kg-day 1.1 CW x IR-W-Adj x EF x CF1 x 1/AT

EF Exposure Frequency days/year 350 IR-W-Adj (liter-year/kd-day) = 
AT-C Averaging Time (Cancer) days 25,550 (ED-C x IR-W-C / BW-C)  +  (ED-A x IR-W-A / BW-A
CF1 Conversion Factor 1 mg/µg 1.0E-03

Dermal CW Chemical Concentration in Water µg/l RME RME RME RME CDI (mg/kg-day) =

(Groundwater) DAevent Dermally Absorbed Dose per Event 
(A=adult, C=child) mg/cm2-event calculated calculated calculated calculated DAevent-A x SA-A x EV x EF x ED-A x 1/BW-A x 1/A

FA Fraction absorbed water dimensionless chem-specific USEPA, 2004 chem-specific USEPA, 2004
Kp Permeability Coefficient cm/hr chem-specific USEPA, 2004 chem-specific USEPA, 2004 Inorganics:  DAevent-A (mg/cm2-event) = 
τ Lag Time hr/event chem-specific USEPA, 2004 chem-specific USEPA, 2004 Kp x CW x tevent x CF1 x CF2
t* Time to Reach Steady-state hours chem-specific USEPA, 2004 chem-specific USEPA, 2004

B Ratio of Permeability of Stratum 
Corneum to Epidermis dimensionless chem-specific USEPA, 2004 chem-specific USEPA, 2004 Organics :

tevent Event Time hr/event 0.58 USEPA, 2004 1.00 USEPA, 2004 tevent<t*:  DAevent-A (mg/cm2-event) = 
SA Skin Surface Area (A=adult, C-child) cm2 18,000 USEPA, 2004 6,600 USEPA, 2004 2 x FA x Kp x CW x (sqrt((6 x τ x tevent)/π)) x CF1 x C
EV Event Frequency events/day 1 USEPA, 2004 1 USEPA, 2004
EF Exposure Frequency days/year 350 USEPA, 1991 350 USEPA, 1991
ED Exposure Duration  (A=adult, C=child) years 24 USEPA, 1991 6 USEPA, 1991 tevent>t*:  DAevent-A (mg/cm2-event) = 
BW Body Weight  (A=adult, C=child) kg 70 USEPA, 1989 15 USEPA, 1991 FA x Kp x CW x ( tevent/(1+B) + 2 x τ x 

AT-N Averaging Time (Non-Cancer) days 8,760 USEPA, 1989 2190 USEPA, 1989     ((1 + 3B + 3B2)/(1+B)2)) x CF1 x CF2
CF1 Conversion Factor 1 mg/µg 1.0E-03 - - 1.0E-03 - -
CF2 Conversion Factor 2 l/cm3 1.0E-03 - - 1.0E-03 - -

CW Chemical Concentration in Water µg/l RME CDI (mg/kg-day) = DA-Adj x EF x EV x 1/AT
DA-Adj Dermally Absorbed Dose, Age-adjusted mg-year/event-kg calculated DA-Adj = (DAevent-A x SA-A x ED-A x 1/BW-A)

EV Event Frequency events/day 1 + (Daevent-C x SA-C x ED-C x 1/BW-C)
EF Exposure Frequency days/year 350

AT-C Averaging Time (Cancer) days 25,550
CF1 Conversion Factor 1 mg/µg 1.0E-03

Sources:
  USEPA, 1989:  Risk Assessment Guidance for Superfund.  Vol.1:  Human Health Evaluation Manual, Part A.  OERR.  USEPA/540/1-89/002.
  USEPA, 1991:  Risk Assessment Guidance for Superfund.  Vol.1:  Human Health Evaluation Manual - Supplemental Guidance, Standard Default Exposure Factors.  Interim Final.  OSWER Directive 9285.6-03.
  USEPA, 1997:  Exposure Factors Handbook. USEPA/600/P-95/002Fa.
  USEPA, 2004: Risk Assessment Guidance for Superfund (RAGS) Volume I: Human Health Evaluation Manual. Part E Supplemental Guidance for Dermal Risk Assessment) Final. 

ChildAdultParameter 
CodeExposure Route 
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TABLE 3-5

St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri
Parameter Units Water Quality Criteria

 1,1-Dichloroethylene µg/L 3.2**
 1,2-Dichloroethylene µg/L 39**
  Chlorodibromomethane µg/L 34**
  Dichloroethylene µg/L 46**

  2,4-Dichloroethylene µg/L 7
  Ethylbenzene µg/L 320
  Hexachlorocyclopentadiene µg/L 0.5
  Phenol µg/L 100
  1,2,4,5-Tetrachlorobenzene µg/L 2.9**

  Benzo(a)pyrene µg/L 0.049**

  Bis(2-ethylhexyl) phthalate µg/L 5.9**

  Demeton µg/L 0.1
  Endosulfan - chronic µg/L 0.056

                     - acute µg/L 0.11
  Guthion µg/L 0.01
  Malathion µg/L 0.1
  Parathion µg/L 0.04
  Chlorpyrifos µg/L 0.04

  Aldrin µg/L 0.000079**
  Chlordane µg/L 0.00048**
  Dieldrin µg/L 0.000076**
  Endrin µg/L 0.0023**
  Endrin aldehyde µg/L 0.0023**
  Heptachlor µg/L 0.0002
  Heptachlor epoxide µg/L 0.00011**
  Lindane (gamma-BHC) µg/L 0.062**
  Methoxychlor µg/L 0.03
  Mirex µg/L 0.001
  Toxaphene µg/L 0.000073**
  2,3,7,8-TCDD (dioxin) ng/L 0.000014**

  Hexachlorobenzene µg/L 0.00074**

  Aluminum - acute µg/L 750
  Arsenic µg/L 20
  Cadmium - chronic µg/L 0.2

                   - acute µg/L 2.4
  Chromium (III) -  chronic µg/L 42

                    (III) -  acute µg/L 323
  Chromium (VI) - chronic µg/L 10

                    (VI) - acute µg/L 15
  Cyanide, amenable to chlorination - chronic µg/L 5

                                                         -  acute µg/L 22
  Copper - chronic µg/L 4

               - acute µg/L 7
  Lead - chronic µg/L 1

Persistent, Man-Made Carcinogens

MRBCA Initial Ecological Screening Values - Chemicals of Concern with Protection of Aquatic Life (AQL) or Human Health 
Protection-Fish Consumption (HHF) Water Quality Criteria Less Than Groundwater DTLs or RBTLS (Taken from MRBCA 2006)

Metals

Volatile Organics

Organics

Polynuclear Aromatic Hydrocarbons (PAH)s

Phthalate Esters

Pesticides

Persistent, Bioaccumulative, Man-Made Toxics
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TABLE 3-5

St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri
Parameter Units Water Quality Criteria

MRBCA Initial Ecological Screening Values - Chemicals of Concern with Protection of Aquatic Life (AQL) or Human Health 
Protection-Fish Consumption (HHF) Water Quality Criteria Less Than Groundwater DTLs or RBTLS (Taken from MRBCA 2006)

  Mercury - chronic µg/L 0.5
  Nickel    - chronic µg/L 29
  Nickel    - acute µg/L 261
  Selenium µg/L 5
  Silver - acute µg/L 1
  Zinc   - chronic µg/L 59

            - acute µg/L 65

  Chlorine, total residual (cold-water) - chronic µg/L 2***
                                         (warm-water) - chronic µg/L 10***
                                         (warm-water) - acute µg/L 19***
  Hydrogen sulfide, un-ionized µg/L 2***
  Chloride - chronic µg/L 230***

                  - acute µg/L 860***
Notes:
* If 10 CSR 20-7.031, Table A  Water Quality Criteria changes, the most current regulatory value 

supersedes the above values.
** Values are based on HHF criteria.  All other values are based on AQL.   Because some AQL metals
criteria differ according to water hardness, the lowest chronic and acute values for common water body
types are used.  If site-specific hardness data are available, the twenty-fifth percentile value and the
equations for hardness dependent metals found in 10 CSR 20-7.031, Table A may be used for 
comparison purposes.
*** Chemicals of concern that do not have groundwater default target levels (DTLs) or risk-based target
levels (RBTLs).
Source: 10 CSR 20-7.031, Table A - Water Quality Criteria.

Non-organics
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TABLE 3-6
Results of MRBCA Appendix F Checklist A
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Checklist Question
Is the boundary of the contaminated area less than ½ mile to 
a surface waterbody (stream, river, pond, lake, etc.)?

Are wetlands (as defined by the 1987 Corps of Engineers’ 
Delineation Manual) on or adjacent to the site?

Are contaminated soils uncovered or otherwise accessible to 
ecological receptors and the elements?
Are there karstic features (see Ecological Risk Assessment 
Figure #2 for definition) on or within ½ mile of the boundary of 
the contaminated area?

Are there federal or state rare, threatened, or endangered 
species on or within ½ mile of the contaminated area? 

Are there one or more environmentally sensitive areas (see 
Ecological Risk Assessment Figure #1 for definition) at or 
within ½ mile of the contaminated area?

Are commercially or recreationally important species (fauna 
or flora) on or within ½ mile of the contaminated area?

Answers:
Y - Yes
N - No
P - Potential



TABLE 3-7
Results of MRBCA Appendix F Checlkist B
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Checklist Questions
Question 1: Could contaminants associated with the site reach ecological receptors via groundwater?
1.a.) Can contaminants associated with the site leach, dissolve, or otherwise migrate to groundwater?

1.b.) Are contaminants associated with the site mobile in groundwater?
1.c.) Does groundwater from the site discharge to ecological receptor habitat?

Question 2: Could contaminants from the site reach ecological receptors via migration of NAPL?
2.a.) Is Non Aqueous Phase Liquid (NAPL) present at the site?
2.b.) Is NAPL migrating?
2.c.) Could NAPL discharge occur where ecological receptors are found?

Question 3: Could contaminants reach ecological receptors via erosional transport of contaminated soils or via 
precipitation runoff?
3.a.) Are contaminants present in surface soils?
3.b.) Can contaminants be leached from or be transported by erosion of surface soils?

Question 4: Could contaminants reach ecological receptors via direct contact?
4.a.) Are contaminants present in surface soil or on the surface of the ground?
4.b.) Are potential ecological receptors on the site?

Question 5: Could contaminants reach ecological receptors via inhalation of volatilized contaminants or contaminants 
adhered to dust in ambient air or in subsurface burrows?
5.a.) Are contaminants present on the site volatile?
5.b.) Could contaminants on the site be transported in air as dust or particulate matter?

Question 6: Could contaminants reach ecological receptors via direct ingestion of soil, plants, animals or 
contaminants?
6.a.) Are contaminants present in surface and shallow subsurface soils or on the surface of the ground?
6.b.) Are contaminants found in soil on the site taken up by plants growing on the site?
6.c.) Do potential ecological receptors on or near the site feed on plants (e.g., grasses, shrubs, forbs, trees, etc.) found 
on the site?
6.d.) Do contaminants found on the site bioaccumulate?

Question 7: Could contaminants reach ecological receptors via transport through a karst system?
7.a.) Are there karstic features (see Ecological Risk Assessment Figure #2 for definition) on or within ½ mile of the 
contaminated area?
7.b.) Is there a hydrogeological connection between the site and karstic features such as seeps, springs, streams or 
other surface water bodies?

Answers:

Y - Yes
N - No
P - Potential



TABLE 3-8
Soil Ecological Screening Values Proposed to Supplement DTLs During Initial Site Screening Step
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Chemical Soil (µg/kg)a

Acenaphthene 6.82 e+5
Acenaphthylene 6.82 e+5
Acetone 2,500b

Acetonitrile 1,370b

Acetophenone 3 e+5
Acetylaminofluorene 596
Acrolein 5,270b
Acrylonitrile 23.9b
Aldrin 3.32c

Allyl chloride 13.4
Aminobiphenyl 3.05
Aniline 56.8b

Anthracene 1.48 e+6
Antimony (Total) 142
Aramite 1.66 e+5
Arsenic (Total) 5,700
Azobenzene [p-(dimethylamino)] 40
Barium (Total) 1,040
Benzene 255
Benzo[a]anthracene 5,210
Benzo[a]pyrene 1,520
Benzo[b]fluoranthene 5.98 e+4
Benzo[ghi]perylene 1.19 e+5
Benzo[k]fluoranthene 1.48 e+5
Benzyl alcohol 6.58 e+4
Beryllium (Total) 1,060
BHC [alpha-] 99.4
BHC [beta-] 3.98c

BHC [delta-] 9,940
BHC [gamma-] 5c

Bromodichloromethane 540
Bromoform 1.59 e+4
Butylamine [N-Nitrosodi-n-] 267
Butylbenzyl phthalate 239
Cadmium (Total) 2.22
Carbon disulfide 94.1
Carbon tetrachloride 2,980
Chlordane 224c

Chlorethyl ether [bis(2-] 2.37 e+4b
Chloro-1-methylethyl)ether [bis(2-] 1.99 e+4
Chloroaniline [p-] 1,100
Chlorobenzene 1.31 e+4
Chlorobenzilate 5,050
Chloroform 1,190
Chloronaphthalene [2-] 12.2
Chlorophenol [2-] 243
Chloroprene 126-99-8 2.9
Chromium+3 (Total) 400d

Chrysene 4,730
Cobalt (Total) 140
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TABLE 3-8
Soil Ecological Screening Values Proposed to Supplement DTLs During Initial Site Screening Step
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Chemical Soil (µg/kg)a

Copper (Total) 5,400
Cresol [4,6-dinitro-o-] 144
Cresol [m-] 3,490
Cresol [o-] 4.04 e+4
Cresol [p-chloro-m-] 7,950
Cresol [p-] 1.63 e+5
Cyanide 1,330b

DDD [4,4'-] 758
DDE [4,4'-] 596
DDT [4,4'-] 3.5e

Di-n-butyl phthalate 150
Di-n-octyl phthalate 7.09 e+5
Diallate 452b

Dibenz[a,h]anthracene 1.84 e+4
Dibromo-3-chloropropane 35.2
Dibromochloromethane 2,020
Dibromoethane [1,2-] 1,230
Dichlorobenzene [m-] 3.77 e+4
Dichlorobenzene [o-] 2,960
Dichlorobenzene [p-] 456
Dichlorobenzidine [3,3'-] 646
Dichlorodifluoromethane 3.95 e+4
Dichloroethane [1,1-] 2.01 e+4
Dichloroethane [1,2-] 2.12 e+4
Dichloroethene [1,1-] 8,280
Dichloroethylene [trans-1,2-] 784
Dichlorophenol [2,4-] 8.75 e+4
Dichlorophenol [2,6-] 1,170
Dichloropropane [1,2-] 3.27 e+4
Dichloropropene [cis-1,3-] 398
Dichloropropene [trans-1,3-] 398
Dieldrin 2.38
Diethyl O-2-pyrazinyl phosphorothioate [O,O-] 799
Diethyl phthalate 2.48 e+4
Dimethoate 218
Dimethyl phthalate 7.34 e+5
Dimethylbenzidine [3,3'-] 104
Dimethylbenz[a]anthracene [7,12-] 1.63 e+4
Dimethylphenethylamine [alpha,alpha-] 300
Dimethylphenol [2,4-] 10c

Dinitrobenzene [m-] 655
Dinitrophenol [2,4-] 60.9
Dinitrotoluene [2,4-] 1,280
Dinitrotoluene [2,6-] 32.8
Dinoseb 21.8
Dioxane [1,4-] 2,050b

Diphenylamine 1,010
Disulfoton 19.9
D [2,4-] 27.2
Endosulfan I 119
Endosulfan II 119
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TABLE 3-8
Soil Ecological Screening Values Proposed to Supplement DTLs During Initial Site Screening Step
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Chemical Soil (µg/kg)a

Endosulfan sulfate 35.8
Endrin 10.1
Endrin aldehyde 10.5
Ethyl methacrylate 3 e+4
Ethylbenzene 5160
Famphur 49.7
Fluoranthene 1.22 e+5
Fluorene 1.22 e+5
Heptachlor 5.98
Heptachlor epoxide 152
Hexachlorobenzene 199
Hexachlorobutadiene 39.8
Hexachlorocyclopentadiene 755
Hexachloroethane 596
Hexachlorophene 199
Hexanone [2-] 1.26 e+4
Indeno (1,2,3-cd) pyrene 1.09 e+5
Isobutyl alcohol 2.08 e+4
Isodrin 3.32c

Isophorone 1.39 e+5
Isosafrole 9,940
Kepone 32.7
Lead (Total) 53.7
Mercury (Total) 100d

Methacrylonitrile 57b

Methane [bis(2-chloroethoxy)] 302b

Methapyrilene 2,780b

Methoxychlor 19.9
Methyl bromide 235b
Methyl chloride 1.04 e+4b

Methyl ethyl ketone 8.96 e+4b

Methyl iodide 1230
Methyl mercury 1.58
Methyl methacrylate 9.84 e+5b

Methyl methanesulfanate 315b

Methyl parathion 0.292
Methyl-2-pentanone [4-] 4.43 e+5
Methylcholanthrene [3-] 77.9
Methylene bromide 6.5 e+4b

Methylene chloride 4,050b

Methylnaphthalene [2-] 3,240
Naphthalene 99.4
Naphthoquinone [1,4-] 1,670
Naphthylamine [1-] 9,340
Naphthylamine [2-] 3,030
Nickel (Total) 1.36 e+4
Nitroaniline [m-] 3,160
Nitroaniline [o-] 7.41 e+4
Nitroaniline [p-] 2.19 e+4
Nitrobenzene 1,310
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TABLE 3-8
Soil Ecological Screening Values Proposed to Supplement DTLs During Initial Site Screening Step
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Chemical Soil (µg/kg)a

Nitrophenol [o-] 1,600
Nitrophenol [p-] 5,120
Nitroquinoline-1-oxide [4-] 122
Nitrosodiethylamine [N-] 69.3b

Nitrosodimethylamine [N-] 0.0321b

Nitrosodiphenylamine [N-] 545
Nitrosomethylethylamine [N-] 1.66b

Nitrosomorpholine [N-] 70.6b

Nitrosopiperidine [N-] 6.65b

Nitrosopyrrolidine [N-] 12.6b

Parathion 0.34d

Pentachlorobenzene 497
Pentachloroethane 1.07 e+4
Pentachloronitrobenzene 7,090
Pentachlorophenol 119
Phenacetin 1.17 e+4
Phenanthrene 4.57 e+4
Phenol 1.2 e+5
Phenylenediamine [p-] 6,160b

Phorate 0.496
Phthalate [bis(2-ethylhexyl)] 925
Picoline [2-] 9,900b

Polychlorinated biphenyls 0.332
Polychlorinated dibenzo-p-dioxins 1.99 e-4
Polychlorinated dibenzofurans 0.0386
Pronamide 13.6c

Propionitrile 49.8
Propylamine [N-nitrosodi-n-] 544
Pyrene 7.85 e+4
Pyridine 1030b

Safrole 404
Selenium (Total) 27.6
Silver (Total) 4,040
Silvex 109c

Styrene 4,690
Sulfide 3.58
Tetrachlorobenzene [1,2,4,5-] 2,020
Tetrachlorodibenzo-p-dioxin [2,3,7,8-] 1.99 e-4
Tetrachloroethane [1,1,1,2-] 2.25 e+5
Tetrachloroethane [1,1,2,2-] 127
Tetrachloroethene 9,920
Tetrachlorophenol 199
Tetraethyl dithiopyrophosphate 596
Thallium (Total) 56.9
Tin (Total) 7,620
Toluene 5,450
Toluidine [5-nitro-o-] 8,730
Toluidine [o-] 2,970b

Toxaphene 119
TPH-Gasoline 1.3 e+5
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TABLE 3-8
Soil Ecological Screening Values Proposed to Supplement DTLs During Initial Site Screening Step
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri

Chemical Soil (µg/kg)a

TPH-Diesel 4.5 e+5
Trichlorobenzene [1,2,4-] 1.11 e+4
Trichloroethane [1,1,1-] 2.98 e+4
Trichloroethane [1,1,2-] 2.86 e+4
Trichloroethylene 1.24 e+4
Trichlorofluoromethane 1.64 e+4
Trichlorophenol [2,4,5-] 1.41 e+4
Trichlorophenol [2,4,6-] 9,940
Trichloropropane [1,2,3-] 3,360
Trichlorphenoxyacetic acid [2,4,5-] 596
Triethyl phosphorothioate [O,O,O-] 818
Trinitrobenzene [Sym-] 376b

Vanadium (Total) 1,590
Vinyl acetate 1.27 e+4b

Vinyl chloride 646
Xylenes (total) 1 e+4c

Zinc (Total) 6,620d
Notes:
TPH values taken from CCM (2000)
aUnless noted otherwise, all Soil ESLs are based on exposure to a masked shrew (Sorex cinerus ).
bSoil ESL is based on exposure to a meadow vole (Microtus pennsylvanicus).
cSoil ESL is based on exposure to a plant.
dSoil ESL is based on exposure to soil invertebrates (e.g., earthworms).
Source: U.S. EPA Region 5 RCRA Ecological Screening Levels, USEPA, 2003.
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Assessment Endpoint Risk Hypothesis Measurement Endpoint Receptor

Survival, growth, and reproduction 
of terrestrial soil invertebrate 
communities

Are site related PCOC concentrations in surface soils 
sufficient to adversely affect soil invertebrate 
communities?

Comparison of constituent concentrations in surface soils 
with soil screening values

Soil invertebrates 
(earthworms)

Survival, growth, and reproduction 
of terrestrial plant communities

Are site-related PCOC concentrations in surface soils 
sufficient to adversely affect terrestrial plant 
communities?

Comparison of constituent concentrations in surface soils 
with soil screening values

Terrestrial plants

Are site-related PCOC concentrations in surface soil 
sufficient to adversely affect terrestrial reptile 
populations?

Comparison of constituent concentrations in surface soils 
with soil screening values

Are Facility-related constituent concentrations in 
surface soil sufficient to cause adverse effects (on 
growth, survival, or reproduction) to terrestrial reptile 
populations?

Evidence of potential risk to other upper trophic level 
terrestrial receptors evaluated in the ERA

Survival, growth, and reproduction 
of avian terrestrial herbivore 
populations

Are site-related constituent concentrations in surface 
soils sufficient to cause adverse effects (on growth, 
survival, or reproduction) to avian receptor 
populations that may consume terrestrial plants from 
the site?

Comparison of modeled dietary intakes using surface soil 
concentrations with literature-based ingestion screening 
values; ratios >1 based upon the NOAEL-LOAEL range 
indicate an effect

Rufous-sided 
Towhee

Survival, growth, and reproduction 
of avian terrestrial carnivore 
populations

Are site-related PCOC concentrations in surface soils 
sufficient to cause adverse effects (on growth, 
survival, or reproduction) to avian receptor 
populations that may consume small mammals from 
the site?

Comparison of modeled dietary intakes using surface soil 
concentrations with literature-based ingestion screening 
values; ratios >1 based upon the NOAEL-LOAEL range 
indicate an effect

Bald Eagle

Survival, growth, and reproduction 
of mammalian terrestrial invertivore 
populations

Are site-related PCOC concentrations in surface soils 
sufficient to cause adverse effects (on growth, 
survival, or reproduction) to mammalian receptor 
populations that may consume soil invertebrates from 
the site?

Comparison of modeled dietary intakes using surface soil 
concentrations with literature-based ingestion screening 
values; ratios >1 based upon the NOAEL-LOAEL range 
indicate an effect

Short-tailed shrew

Survival, growth, and reproduction 
of mammalian terrestrial omnivore 
populations

Are site-related PCOC concentrations in surface soils 
sufficient to cause adverse effects (on growth, 
survival, or reproduction) to mammalian receptor 
populations that may consume terrestrial plants and 
soil invertebrates from the site?

Comparison of modeled dietary intakes using surface soil 
concentrations with literature-based ingestion screening 
values; ratios >1 based upon the NOAEL-LOAEL range 
indicate an effect

White-footed 
mouse

Terrestrial Habitats

Survival, growth, and reproduction 
of terrestrial reptile populations

Reptiles

TABLE 3-9
Assessment Endpoints, Risk Hypotheses, and Measurement Endpoints
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri
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TABLE 3-10 
Summary of Sample Locations and Rationale for Sampling 
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri 

Overall Object 
of Sampling Media General Location Description 

Collection Method and 
Analysis Sample Depth (ft) Rationale for Sampling 

Characterize 
horizontal extent of 
arsenic and lead 
concentrations in 
surface soil 

Surface Soil Hand auger borings at 26 
locations within near Building 
219B, C, E and F.  

Hand auger 3 borings along the 
the southwestern property 
boundary. 

26 hand augered borings for 
arsenic analysis. 

3 hand augered borings for 
TCLP analysis 

Surface soil: 0-2 feet 
bgs 

Assess the lateral extent 
of metals concentrations 

Assess disposal 
characterization 

Characterize vertical 
distribution and  
horizontal extent of 
PCE, TCE, cis 1,2-
DCE, trans 1,2 - 
DCE, 1,2-DCA, and 
VC 

Soil and 
grab 
groundwater 

MIP/CPT 

MIP/CPT borings will be advanced 
on the northern end of the site 
where the plume of chlorinated 
VOCs in groundwater has been 
identified and offsite downgradient 
of the dissolved plume. 

Confirmation Sampling 

Confirmation sampling locations 
will be selected to verify the 
results obtained from the MIP and 
CPT data. 

MIP/CPT 

Up to 26 MIP/CPT borings for the 
preliminary characterization of 
PCE, TCE, cis 1,2-DCE, trans 
1,2 - DCE, 1,2-DCA, and VC. 

Confirmation Sampling 

6 DPT borings and collection of 
soil and grab groundwater at 
each location for VOCs. 

3 NOD samples (soil and 
formation groundwater) 

4 Geotechnical samples for grain 
size and dry bulk density 

Soil: to be collected 
from the depth 
interval with the MIP 
response indicative of 
VOC contamination 

Soil: NOD soil 
samples will be 
representative of 
native soil 

Groundwater: to be 
collected from the 
base of the probe for 
VOC analysis 

Groundwater: NOD 
formation water will 
be collected from the 
9 nearby monitoring 
wells 

Define the lateral extent 
and vertical distribution of 
the dissolved-phase 
plume, and to define the 
lateral extent of DNAPL 
near soil boring SB-23 

Characterize 
horizontal extent of 
PCE, TCE, cDCE, 
tDCE, DCA, and VC 

Groundwater 12 groundwater samples will be 
collected from 3 newly installed 
monitoring wells and 9 existing 
monitoring wells located at 
northern end of the site where the 
plume of chlorinated VOCs in 
groundwater has been identified 

Groundwater samples from 9 
existing monitoring wells and 3 
new wells will be collected using 
low flow procedures and 
analyzed for VOCs 

N/A Complete additional 
lateral delineation of 
groundwater plumes 
based on historical data 
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TABLE 3-10 
Summary of Sample Locations and Rationale for Sampling 
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri 

Overall Object 
of Sampling Media General Location Description 

Collection Method and 
Analysis Sample Depth (ft) Rationale for Sampling 

Characterize the 
vertical migration of 
VOCs in soil 

Soil Gas 7 soil gas samples will be 
collected around the former 
Building 220 area, where 
groundwater contamination is 
identified at the site 

Soil gas samples will be 
collected using 1-Liter Summa 
Canisters and analyzed for 
VOCs by method TO-15 from 7 
locations around the former 
Building 220 area. 

5 feet or above the 
capillary fringe if 
groundwater is 
encountered above 5 
feet bgs 

Determine if VOCs are 
migrating through the soil 
and affecting 
ambient/indoor air 
conditions 
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TABLE 3-11 
RI Fieldwork Schedule 
St. Louis Ordnance Plant, Former Hanley Area - St. Louis, Missouri 

Field Activity Duration Notes 

Mobilization 1 day Travel to site, onsite administrative requirements, equipment 
setup, decontamination area set up, and drum storage area 
construction. 

MIP/CPT sampling  (26 locations) and 
surface soil sampling (29 locations) 

5 days Assumes 6 borings per day. Surface soil sampling will be 
sampled simultaneously with MIP/CPT sampling. Assume 10 
surface soil samples per day. 

Demobilization of MIP/CPT, 
Mobilization of DPT 

1 day MIP/CPT contractor to demobilize following investigation. 
DPT contractor is local and will not have mobilization time. 

MIP Confirmation borings and 
sampling at 6 locations  (6-
groundwater, 6-soil, 3-NOD-soil and 
groundwater) 

3 days Assumes 2 borings per day. 

Geotechnical sampling at 6 locations 
(grain size and bulk density) 

2 days Assumes 3 samples per day. 

Monitoring well installation (2 shallow 
and 1 deep well) 

4 days Assumes deep well will be installed first (then the grout cures 
for 48 hours) then the two shallow wells will be installed. 
Final completion of the deep well will be 48 hours after the 
steel casing is grouted.  

Well development 1 day Assumes 3 wells can be developed in 1 day. 

Groundwater sampling (sampling 3 
new wells and 9 existing wells using 
low flow sampling) 

3 days Assumes 4 wells can be sampled per day. 

Soil Gas Sampling (7 locations) 1 day Assumes 7 samples per day. 

Demobilization 1 day Equipment decontamination, site restoration, and travel. 

Total Duration of Field Activities 22 days  

Note: Equipment decontamination will be an ongoing process throughout field activities. 
The duration of activities which require sampling also includes sample handling and shipment. 
IDW will be removed from site the within 90 days of accumulation date. 
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NOTES:
1.  Gray highlight = Indicates a detected concentration
      above the screening level.
2.  Bold = Detected Concentration
3.  < = Chemical not detected.
4.  J = Reported value is estimated.
5.  E = Reported value is outside the linear range of
      the calibration.
6.  NR = Not reported.

December 2005

Analyte

1,2-Dichloroethane NR

cis-1,2-Dichloroethene <5.0

trans-1,2-Dichloroethene NR

Tetrachloroethene <5.0

Trichloroethene <5.0

DP-101

(µg/L)

Results

February 2006

Analyte

1,2-Dichloroethane <5.0

cis-1,2-Dichloroethene <5.0

trans-1,2-Dichloroethene NR

Tetrachloroethene <5.0

Trichloroethene <5.0

DP-102

(µg/L)

Results

February 2006

Analyte

1,2-Dichloroethane <5.0

cis-1,2-Dichloroethene <5.0

trans-1,2-Dichloroethene NR

Tetrachloroethene <5.0

Trichloroethene <5.0

DP-103

(µg/L)

Results

December 2005

Analyte

1,2-Dichloroethane NR

Carbon tetrachloride 1.0 J

cis-1,2-Dichloroethene 5.9

trans-1,2-Dichloroethene NR

Tetrachloroethene 4000

Trichloroethene 28

DP-104

(µg/L)

Results

December 2005

Analyte

1,2-Dichloroethane NR

cis-1,2-Dichloroethene <5.0

trans-1,2-Dichloroethene NR

Tetrachloroethene <5.0

Trichloroethene <5.0

DP-105

(µg/L)

Results

December 2005

Analyte

1,2-Dichloroethane NR

cis-1,2-Dichloroethene <5.0

trans-1,2-Dichloroethene NR

Tetrachloroethene 0.59 J

Trichloroethene <5.0

DP-106

(µg/L)

Results

February 2006

Analyte

1,2-Dichloroethane <5.0

Carbon tetrachloride 0.93 J

cis-1,2-Dichloroethene <5.0

trans-1,2-Dichloroethene NR

Tetrachloroethene <5.0

Trichloroethene <5.0

DP-107

(µg/L)

Results

February 2006

Analyte

1,2-Dichloroethane <5.0

cis-1,2-Dichloroethene <5.0

trans-1,2-Dichloroethene NR

Tetrachloroethene <5.0

Trichloroethene <5.0

DP-108

(µg/L)

Results

February 2006

Analyte

1,2-Dichloroethane 10

cis-1,2-Dichloroethene <5.0

trans-1,2-Dichloroethene NR

Tetrachloroethene 0.34 J

Trichloroethene <5.0

DP-109

(µg/L)

Result

February 2006

Analyte

1,2-Dichloroethane <5.0

cis-1,2-Dichloroethene <5.0

trans-1,2-Dichloroethene NR

Tetrachloroethene 450 E

Trichloroethene 1.2 J

DP-110

(µg/L)

Result

February 2006

Analyte

1,2-Dichloroethane 24

cis-1,2-Dichloroethene 45

trans-1,2-Dichloroethene NR

Tetrachloroethene 180

Trichloroethene 44

DP-111

(µg/L)

Result

February 2006

Analyte

1,2-Dichloroethane <0.5

cis-1,2-Dichloroethene <0.5

trans-1,2-Dichloroethene NR

Tetrachloroethene 2.1 J

Trichloroethene <0.5

DP-112

(µg/L)

Result
February 2006

Analyte

1,2-Dichloroethane <0.5

cis-1,2-Dichloroethene <0.5

trans-1,2-Dichloroethene NR

Tetrachloroethene 0.42 J

Trichloroethene <0.5

DP-113

(µg/L)

Result

February 2006

Analyte

1,2-Dichloroethane <5.0

cis-1,2-Dichloroethene <5.0

trans-1,2-Dichloroethene NR

Tetrachloroethene <5.0

Trichloroethene <5.0

DP-114

(µg/L)

Results

JULY 2006

Analyte

1,2-Dichloroethane <5.0

cis-1,2-Dichloroethene <5.0

trans-1,2-Dichloroethene <5.0

Tetrachloroethene <5.0

Trichloroethene <5.0

DP-116

(µg/L)

Results

JULY 2006

Analyte

1,2-Dichloroethane <5.0

cis-1,2-Dichloroethene <5.0

trans-1,2-Dichloroethene <5.0

Tetrachloroethene <5.0

Trichloroethene <5.0

DP-117

(µg/L)

Results

JULY 2006

Analyte

1,2-Dichloroethane <5.0

cis-1,2-Dichloroethene <5.0

trans-1,2-Dichloroethene <5.0

Tetrachloroethene <5.0

Trichloroethene <5.0

DP-118

(µg/L)

Results

JULY 2006

Analyte

1,2-Dichloroethane <5.0

cis-1,2-Dichloroethene <5.0

trans-1,2-Dichloroethene <5.0

Tetrachloroethene <5.0

Trichloroethene <5.0

DP-119

(µg/L)

Results

JULY 2006

Analyte

1,2-Dichloroethane <5.0

cis-1,2-Dichloroethene <5.0

trans-1,2-Dichloroethene <5.0

Tetrachloroethene 4.6 J

Trichloroethene <5.0

DP-120

(µg/L)

Results

JULY 2006

Analyte

1,2-Dichloroethane <5.0

Carbon tetrachloride 1.5 J

cis-1,2-Dichloroethene 88

trans-1,2-Dichloroethene 3 J

Tetrachloroethene 3000

Trichloroethene 50

Vinyl chloride 0.28 J

DP-122

(µg/L)

Results

JULY 2006

Analyte

1,2-Dichloroethane 600

cis-1,2-Dichloroethene 5.0

trans-1,2-Dichloroethene <5.0

Tetrachloroethene 4600

Trichloroethene 36.0

DP-124

(µg/L)

Results

JULY 2006

Analyte

1,2-Dichloroethane <5.0

cis-1,2-Dichloroethene <5.0

trans-1,2-Dichloroethene <5.0

Tetrachloroethene 0.96 J

Trichloroethene <5.0

DP-125

(µg/L)

Results

JULY 2006

Analyte

1,2-Dichloroethane <5.0

cis-1,2-Dichloroethene <5.0

trans-1,2-Dichloroethene <5.0

Tetrachloroethene <5.0

Trichloroethene <5.0

DP-130

(µg/L)

Results

Gray highlight
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NOTES:
1. Bold  indicates a detected concentration above the
     screening level.
2. < - Chemical not detected above the method detection limit.
3. J - Reported value is estimated.
4. D - indicates dilution.

APRIL 2007

Analyte

1,2-Dichloroethane 4.4 J

cis-1,2-Dichloroethene <5.0

trans-1,2-Dichloroethene <5.0

Tetrachloroethene <5.0

Trichloroethene <5.0

MW-106

Results

(µg/L)

APRIL 2007

Analyte

1,2-Dichloroethane 3.0 J

cis-1,2-Dichloroethene <5.0

trans-1,2-Dichloroethene <5.0

Tetrachloroethene <5.0

Trichloroethene <5.0

MW-107

Results

(µg/L)

APRIL 2007

Analyte

1,2-Dichloroethane <5.0

cis-1,2-Dichloroethene 10.0

trans-1,2-Dichloroethene 0.54 J

Tetrachloroethene <5.0

Trichloroethene 18.0

MW-108

Results

(µg/L)

APRIL 2007

Analyte

1,2-Dichloroethane <5.0

cis-1,2-Dichloroethene <5.0

trans-1,2-Dichloroethene <5.0

Tetrachloroethene <5.0

Trichloroethene <5.0

MW-112

Results

(µg/L)

APRIL 2007

Analyte

1,2-Dichloroethane <5.0

cis-1,2-Dichloroethene 1.7 J

trans-1,2-Dichloroethene <5.0

Tetrachloroethene 3.9 J

Trichloroethene 5.8

MW-109

Results

(µg/L)

APRIL 2007

Analyte

1,2-Dichloroethane 150

cis-1,2-Dichloroethene 46

trans-1,2-Dichloroethene 0.93 J

Tetrachloroethene 7,700 D

Trichloroethene 82

MW-110

Results

(µg/L)

APRIL 2007

Analyte

1,2-Dichloroethane <5.0

Carbon tetrachloride 2.7 J

cis-1,2-Dichloroethene 250 JD

trans-1,2-Dichloroethene 12

Tetrachloroethene 29,000 D

Trichloroethene 1400 D

Vinyl chloride 0.32 J

MW-111

Results

(µg/L)

APRIL 2007

Analyte

1,2-Dichloroethane <5.0

cis-1,2-Dichloroethene <5.0

trans-1,2-Dichloroethene <5.0

Tetrachloroethene <5.0

Trichloroethene <5.0

(µg/L)

MW-113

Results

APRIL 2007

Analyte

1,2-Dichloroethane 3.3 J

cis-1,2-Dichloroethene <5.0

trans-1,2-Dichloroethene <5.0

Tetrachloroethene <5.0

Trichloroethene <5.0

(µg/L)

MW-114

Results

Aerial Photo:  2002  USGS
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Aerial Photo:  2002  USGS
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collected on April 20, 2007.
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ID Task Name Duration Start Finish

1 Mobilization 1 day Mon 5/12/08 Mon 5/12/08

2 MIP/CPT sampling  (26 locations) and surface soil sampling (29 locations) 5 days Tue 5/13/08 Mon 5/19/08

3 Demobilization of MIP/CPT, Mobilization of DPT 1 day Tue 5/20/08 Tue 5/20/08

4 MIP Confirmation borings and sampling at 6 locations  (6-groundwater, 6-soil, 3-NOD-soil and groundwater) 3 days Wed 5/21/08 Fri 5/23/08

5 Geotechnical sampling at 3 locations (grain size and bulk density) 1 day Mon 5/26/08 Mon 5/26/08

6 Monitoring well installation (2 shallow and 1 deep well) 4 days Tue 5/27/08 Fri 5/30/08

7 Well development 1 day Mon 6/2/08 Mon 6/2/08

8 Groundwater sampling (sampling 3 new wells and 9 existing wells using low flow sampling) 3 days Tue 6/3/08 Thu 6/5/08

9 Demobilization 1 day Fri 6/6/08 Fri 6/6/08
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1 Mobilization
Travel to site, onsite administrative requirements, equipment setup, decontamination area set up, and drum storage area consturction.

2 MIP/CPT sampling  (26 locations) and surface soil sampling (29 locations)
Assumes 6 borings 1 day and 5 borings per day for 4 days. Suface soil sampling will be sampled simultaneously with MIP/CPT sampling. Assume 11 surface soil samples per day.

3 Demobilization of MIP/CPT, Mobilization of DPT
MIP/CPT contractor to demobilize following investigation. DPT contractor is local and will not have mobilization time.

4 MIP Confirmation borings and sampling at 6 locations  (6-groundwater, 6-soil, 3-NOD-soil and groundwater)
Assumes 2 borings per day.

5 Geotechnical sampling at 3 locations (grain size and bulk density)
Assumes 3 samples per day.

6 Monitoring well installation (2 shallow and 1 deep well)
Assumes deep well will be installed first (then the grout cures for 48 hours) then the two shallow wells will be installed. Final completion of the deep well will be 48 hours after the steel casing is grouted.

7 Well development
Assumes 3 wells can be developed in 1 day.

8 Groundwater sampling (sampling 3 new wells and 9 existing wells using low flow sampling)
Assumes 4 wells can be sampled per day.

9 Demobilization
Equipment decontamination, site restoration, and travel.

Figure 3-10
RI Fieldwork Schedule
St. Louis Ordnance Plant, Former Hanley Area -St. Louis, Missouri
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SECTION 1 

Project Background 

This field sampling plan (FSP) was prepared for the U.S. Army Corps of Engineers 
(USACE), Kansas City District under Contract Number W912D05-D-0002. The FSP describes 
the field activities and procedures that will be performed in accordance with the USACE 
Performance Work Statement for the Performance Based Contract (rev. 1, September 2007). 
Field activities will be performed at the St. Louis Ordnance Plant (SLOP) former Hanley 
Area located in St. Louis, Missouri, as part of an ongoing remedial investigation (RI).  

1.1 Site History and Contaminants 
Section 2 of the RI work plan describes the site history and contaminants.  

1.2 Site-specific Definition of Problems 
The nature and extent of contamination have not been fully characterized at the site, as 
described in Sections 2 and 3 of the RI work plan.  
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SECTION 2 

Project Organization and Responsibilities 

This section identifies the principal members of the project team and subcontractors for the 
RI activities. Table 2-1 specifies the team members and their contact information. 

TABLE 2-1  
Contact Information 
Field Sampling Plan—Remedial Investigation: St. Louis Ordinance Plant, Former Hanley Area, St. Louis, Missouri 

Name Organization Telephone/FAX E-mail Address 

Josephine Newton-
Lund 
Project Manager 

NWK - USACE, 
KC District 

P 816-389-3912 
F 816-389-2008 

Josephine.M.Newton-
Lund@nwk02.usace.army
.mil 

USACE 
CENWK-PM-EP  
601 East 12th Street  
Kansas City, Mo 64106 

William S. (Tex) 
Titterington 
Chief, 
Environmental 
Division 

89th Regional 
Readiness 
Command, U.S. 
Army Reserve 

P 316-618-1759 
F 316-652-2324 
C 316-612-0350 

mwilliam.titterington@us.a
rmy.mil 

HQ, 89th Regional 
Readiness Command 
Attn: AFRC-CKS-ENE 
3130 George Washington 
Blvd 
Wichita, Kansas 67210-
1598 

Andrew Maly 
Project Manager 

U.S. Army 
Environmental 
Command 

P 410-436-1611 andrew.maly@aec.apges.
army.mil 

USAEC 
Attn: Andrew Maly 
SFIM-AEC-CD 
Building E4480 
Beal Road 
APG-EA, MD 21010 

Luis Seijido 
Conti Project 
Manager 

Conti Environment 
& Infrastructure, 
Inc. 

P 978-318-9095 
F 978-318-9055 
C 978-273-2182 

lseijido@conticorp.com One Concord Farm 
490 Virginia Road 
Concord, MA 01740 

Jeff Dulgarian 
Quality Control 
Systems Manager 

Conti Environment 
& Infrastructure, 
Inc. 

P 978-318-9095 
F 978-318-9055 
C 978-490-7484 

jdulgarian@ 
conticorp.com 

One Concord Farm 
490 Virginia Road 
Concord, MA 01740 

Dan Price  
Task Manager 

CH2M HILL P 314-421-0900 
F 414-454-8815 
C 314-616-2612 

daniel.price@CH2M.com CH2M HILL 
727 North First Street,  
Suite 400 
St. Louis, MO 63102 

Cathy Barnett 
Independent 
Technical Review 
Team Leader 

CH2M HILL P 314-421-0900 
F 314-421-3927 
C 314-479-4454 

cbarnett@CH2M.com CH2M HILL 
727 North First Street,  
Suite 400 
St. Louis, MO 63102 

Phil Smith 
Regulatory 
Specialist 

CH2M HILL P 262-510-2157 
F 414-454-8833 
C 262-719-9396 

psmith@ch2m.com CH2M HILL 
W318 S4121 Highview 
Road 
Waukesha, WI 53189 

Glynn Roberts 
Field Team Leader 
Site Safety Health 
Officer 

CH2M HILL P 314-421-0900 
F 314-421-3927 
C 314-681-1752 

glynn.robertst@ch2m.com CH2M HILL 
727 North First Street,  
Suite 400 
St. Louis, MO 63102 
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2.1 U.S. Army Corps of Engineers 
The USACE, Kansas City District is responsible for overall project administration including 
contracting and procurement, submittals management, cost and schedule management, and 
investigation oversight. Josephine Newton-Lund is the project manager responsible for 
overall project management. Ms. Newton-Lund will coordinate project matters with 
Conti/CH2M HILL, and with other USACE team members and stakeholders as appropriate. 

2.2 Contractors 
Conti is the prime contractor for the SLOP former Hanley Area. Conti is supported by its 
teaming subcontractor, CH2M HILL, which will lead the RI field investigations and 
reporting at the site. Conti and CH2M HILL’s project roles are summarized below. 

2.2.1 Conti Environmental & Infrastructure 
Conti has been selected as the environmental contractor responsible for implementation of 
the work as defined in the Performance Work Statement (USACE 2007) and described 
herein. Working with CH2M HILL, Conti will provide the necessary resources to execute 
the defined scope consistent with the milestone timeframes outlined in the Performance 
Work Statement.  

Luis Seijido will serve as the project manager. The project manager is responsible for 
administering the project and ensuring that sufficient resources are available including 
experienced and qualified personnel, and the overall implementation of this plan. Jeff 
Dulgarian will serve as the quality control (QC) systems manager. He will be responsible for 
total project quality and administration of the quality assurance project plan (QAPP). 

2.2.2 CH2M HILL  
CH2M HILL will lead efforts for the SLOP former Hanley Area. Conti and CH2M HILL will 
work together in a coordinated effort to ensure successful execution of the project. 

Key CH2M HILL personnel include Dan Price, RG, as the task manager; Phil Smith as the 
Missouri Department of Natural Resources (MDNR) regulatory specialist; and Cathy 
Barnett as the independent technical review team leader. Other CH2M HILL personnel 
include Dave Lee as project chemist and Glynn Roberts who will serve as the field team 
leader (FTL) and site safety health officer (SSHO) for field activities.  

2.3 Subcontractors 
CH2M HILL will procure subcontractors and suppliers. Subcontractors will be evaluated 
during the procurement process with respect to safety records, cost, experience, 
qualifications, and available resources. Anticipated subcontractor needs include the 
following: 

• Drilling services 
• Membrane interface probe (MIP)/cone penetrometer testing (CPT) services 
• Surveying services 
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• Investigation-derived waste (IDW) disposal services 
• Offsite analytical services 
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SECTION 3 

Project Scope 

An RI will be conducted at the site following the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) response process for contaminated sites. The 
objectives of the RI are presented in Section 3 of RI work plan. The RI will be performed in 
general conformance with U.S. Environmental Protection Agency (USEPA) CERCLA 
guidance. 

3.1 Task Description 
The project team will conduct various field activities as part of the RI to evaluate whether 
past Department of Defense activities at the site have affected the environment to the point 
that it may constitute a threat to human health or the environment and to collect 
information to support a path forward recommendation for the site. The RI will include the 
following:  

• Conducting a MIP and CPT investigation 

• Advancing direct-push technology (DPT) soil borings to collect confirmation soil and 
groundwater samples 

• Surface soil sampling 

• Monitoring well installation and development 

• Groundwater sampling from existing and newly installed monitoring wells 

• Collecting indoor air samples and ambient air samples  

• Managing IDW 

3.2 Applicable Regulations/Standards 
3.2.1 Site Access 
The site is owned by the U.S. Army Reserve 89th Regional Readiness Command (RRC) of 
Wichita, Kansas. The site is adjacent to the north end of the Sverdrup U.S. Army Reserve 
Center located at 4301 Goodfellow Boulevard in St. Louis, Missouri. Goodfellow Boulevard 
runs along the eastern boundary of the site, and Stratford Avenue runs along the northern 
boundary. The site perimeter is surrounded by a chain-link fence and is accessible through a 
locked gate on the south side through the U.S. Army Reserve Center’s property. Site access 
will be coordinated through a representative from the 89th RRC located within the U.S. 
Army Reserve Center. Smaller parcels within the site perimeter also are surrounded by 
chain-link fences that are gated and locked. Access to these areas will be coordinated as 
necessary through the same representative from the 89th RRC. 
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Residential properties are located north of the site, and a property occupied by Job Corps is 
located adjacent to the west boundary of the site. RI work requiring access to these 
properties will be coordinated by USACE with property owners prior to mobilization. 

3.2.2 Work Hours 
Site work will be conducted during daylight hours. Site work on or close to residences 
requiring the use of heavy machinery (drill rigs) will be completed during time periods 
agreed upon by property owners to the extent that it does not affect the project schedule. 

3.2.3 Demobilization 
At the completion of project activities, sampling locations will be returned to near-original 
conditions whenever possible. Effort will be made to minimize impacts to work sites and 
sampling locations. Following the completion of work at a site location, drums, debris, and 
other waste will be removed. Decontamination areas will be dismantled immediately after 
completing the RI. 

3.3 Project Schedule 
The projected schedule for field activities is provided in Section 3 of the RI work plan.  
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SECTION 4 

Nonmeasurement Data Acquisition 

The site physical characteristics including climate, topography, surface water hydrology, 
geology, and hydrogeology are described in Section 2 of the RI work plan. 
Nonmeasurement data such as shallow geology, hydrogeology, and surface water drainage 
characteristics will be collected during a site reconnaissance and sampling activities to 
confirm the findings of previous investigations. 
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SECTION 5 

Remedial Investigation Field Activities 

The following sections outline the procedures to be followed during the RI fieldwork. 
Fieldwork will be performed in Level D personal protective equipment (PPE). If 
contamination or hazards are encountered that require increased health and safety 
precautions, required changes will be discussed with USACE. The manufactured material of 
the sampling devices (Teflon®, polyvinyl chloride [PVC], metal) discussed below will be 
appropriately selected to minimize interference with the chemical analyses being 
performed. 

5.1 Standard Operating Procedures 
The following standard operating procedures (SOPs) are provided in Attachment A and 
present specific instructions to complete the required field activities: 

• MIP operation 
• Geoprobe® Macro-Core® soil sampler 
• Soil boring logging 
• Organic vapor monitor 
• Soil sample collection: continuous 
• Soil sample collection for volatile organic compounds (VOCs) 
• Geoprobe® Screen Point® 16 groundwater sampler 
• Water sample collection for VOCs 
• Decontamination of drill rigs and equipment 
• Decontamination of personnel and equipment 
• Well install and development  
• Water level measurements 
• Low-flow groundwater sampling 
• Groundwater sampling – bailer method 
• Indoor and ambient air sampling 

5.2 Utility Clearance 
CH2M HILL will contact the Missouri one-call utility locate service (1-800-DIG-RITE) to 
request a dig ticket for utility locate activities within the investigation area. This request will 
be made at least 2, but not more than 10 working days prior to mobilization. If onsite 
utilities cannot be marked by the one-call service, the utilities will be verified through onsite 
utility maps. In the absence of onsite utility maps, soil boring locations will be pre-probed 
with a utility probe. A minimum clearance of 3 feet will be maintained at sample locations 
from underground utilities. Additionally, a minimum distance of 20 feet will be maintained 
from overhead power lines. Dig tickets will be renewed if RI work is not actively being 
conducted and the dig ticket is older than 10 working days or if work or weather has 
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obliterated the original lines. A renewal is not required if RI work is actively being 
conducted onsite and the markings are still visible. 

5.3 Membrane Interface Probe and Cone Penetrometer Test 
Investigation  

The MIP will serve as a real-time in situ screening tool to collect semiquantitative 
chlorinated VOC (cVOC) data in groundwater, soil vapor, and soil. The CPT will assess 
in situ subsurface soil lithology and hydrogeologic characteristics. Both the MIP and CPT 
probes will be advanced on the same tooling using the CPT rig. The MIP/CPT investigation 
approach is presented in Section 3.5 of the RI work plan. Attachment A contains the SOP for 
MIP operation and data interpretation. 

The MIP tool can detect the presence of VOCs using three detectors: flame ionization 
detector (FID), photoionization detector (PID), and electron capture detector (ECD). Because 
the primary contaminants targeted within the MIP investigation area consist of cVOCs, the 
ECD will serve as the primary detector. To obtain an accurate in situ VOC measurement, the 
MIP probe must remain at the depth interval for a minimum amount of time equal to the 
time of the carrier gas in the trunk line to travel from the downhole membrane on the probe 
to the analytical detectors at ground surface. This travel time will be specified by the MIP 
subcontractor based on the length of trunk line required to achieve the targeted maximum 
probing depth. The travel time will be documented in the field logbook during MIP 
activities. The probes will be stopped and held every 1 to 2 feet to obtain a detailed profile of 
the horizontal and vertical extent of the plume.  

The CPT probe will provide data used to classify soil lithology and determine the depth to 
groundwater. The depth to groundwater can be evaluated from the pore pressure data and 
by performing a static pore dissipation test. During a dissipation test, the time it takes for 
the soil pore pressure to equalize to a value relative only to the static head of saturation 
above the point of the dissipation test is a function of hydraulic conductivity. Dissipation 
tests will be conducted at a select number of borings and depth intervals specified by the 
project team. 

The MIP/CPT probes will be advanced to refusal or competent bedrock, whichever is 
encountered first. Due to topographical variations across the site, the depth to competent 
bedrock will vary depending on the boring location. IDW generated during MIP activities 
will be handled as discussed in Section 9. The subcontractor will submit MIP and CPT data 
in hard and electronic copy to CH2M HILL daily. Based on the real-time results obtained in 
the field, subsequent MIP boring locations may be adjusted or the sample intervals modified 
to better assess plume geometry.  

5.4 Soil Borings 
Following completion of MIP/CPT activities and analysis of the data, confirmation soil 
borings will be advanced using DPT methods at a subset of the MIP/CPT borings for the 
purposes of collecting soil and groundwater grab samples to confirm the MIP/CPT data 
and to assess discrete chemical concentrations in soil and groundwater. Further discussion 
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of the confirmation soil and groundwater sampling approach is presented in Section 3.5 of 
the RI work plan. IDW will be handled as discussed in Section 9 of this plan. 

5.4.1 Soil Boring Advancement 
Confirmation soil borings will be positioned as close as possible (generally within 12 to 
18 inches) to a MIP boring to correlate MIP sensor and CPT data with actual cVOC 
concentrations and lithological observations. Separate borings will be advanced for the 
purposes of collecting soil and groundwater grab samples. Soil boring installation activities 
will conform to State of Missouri regulations. 

5.4.2 Soil Grab Sampling 
Soil borings advanced for the purposes of obtaining soil grab samples will be continuously 
sampled using a Geoprobe® Macro-Core® sampling device. To ensure a detailed description 
of subsurface conditions, soil samples from borings will be logged continuously using the 
Unified Soil Classification System (USCS) in accordance with American Society for Testing 
and Materials (ASTM) D2488 (visual-manual method for field description). Soil samples also 
will be continuously screened using a PID and inspected for discoloration, staining, and 
odors. The soil boring log will include observations relative to soil type, grain size 
distribution, changes in lithology, stained soil or chemical odor, soil moisture, depth to the 
water table, depth intervals of samples collected for laboratory analysis, total depth of 
boring, and PID screening results. Soil confirmation borings will be advanced and logged in 
accordance with the SOPs for Soil Sample Collection: Continuous, Organic Vapor Monitoring, 
and Soil Boring Logging (Attachment A). 

Soil grab samples will be submitted for cVOC analysis from each confirmation soil boring. 
The sample will be retained from the sample depth that exhibited the greatest ECD 
response. If a soil boring is advanced near a MIP boring where the ECD response did not 
increase above the baseline response level (that is, ECD detection limit), a soil grab sample 
will be retained from the deepest sample interval within the unsaturated zone. Soil samples 
also will be analyzed for natural oxidant demand (NOD). Three sample depth intervals will 
be selected for NOD analysis based on the anticipated depth of the treatment zone. Based on 
the CPT data, geotechnical samples will be collected from a subset of the confirmation soil 
borings for grain size and permeability analyses. Additional geotechnical analyses may be 
run based on anomalies observed in the CPT data. Site-specific deviations from this general 
selection procedure will be noted in the field logbook. Soil samples for cVOC analysis will 
be collected by following the SOP, Soil Sample Collection for VOCs (Attachment A). 

5.4.3 Groundwater Grab Sampling 
Groundwater grab samples will be collected for cVOC analysis using a Geoprobe® 
Screen Point® groundwater sampling device driven by a DPT rig. The sample depth will be 
based on the maximum ECD response observed within the saturated zone. The depth of the 
saturated zone will be inferred from the MIP and CPT output data. The Screen Point® 
groundwater sampling device will be advanced 2 feet below the desired sample depth. The 
groundwater sampling device will be retracted to expose the 4-foot-long screen to the 
saturated zone of the formation. A water level meter capable of fitting within the Geoprobe® 
rods will be used to verify the presence of groundwater. If groundwater is present, clean 
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polyethylene tubing will be placed within the DPT rods to a depth equivalent of the 
midpoint of the screen. If a water column less than 2 feet is present within the screen, the 
tubing may be lowered but will not be placed directly on the bottom of the well screen. A 
peristaltic pump will be used to collect the groundwater grab sample. The pump will be 
operated at 0.1 liter per minute. If sufficient water is available, field parameters including 
pH, temperature, specific conductivity, oxygen-reduction potential, and dissolved oxygen 
will be recorded following sample collection. Observations will be recorded in the field 
logbook. Groundwater samples for cVOC analysis will be collected by following the SOP, 
Water Sample Collection for VOCs (Attachment A). 

An attempt will be made to collect a groundwater sample using the Screen Point® sampling 
device for 30 minutes or an alternate time based on the judgment of the field team. If a 
groundwater sample cannot be obtained efficiently using the Screen Point® sampling device, 
the device will be extracted from the soil boring and a temporary piezometer will be 
installed. The temporary piezometer will consist of 1-inch-diameter, factory manufactured, 
flush-jointed, Schedule 40 PVC riser and screen (0.01-inch machine slot size). The well 
screen will be 5 feet in length, and a PVC plug will be threaded onto the bottom of the well 
screen. Once sufficient water is available in the piezometers, a groundwater grab sample 
will be collected. 

5.4.4 Soil Boring Abandonment 
Soil borings will be abandoned in accordance with applicable State of Missouri 
requirements. If a temporary piezometer was installed, the PVC casing and screen will be 
pulled from the soil boring. A bentonite-cement slurry or approved non-slurry bentonite 
(hydrated in place) will be placed from the bottom to the top of the hole using a tremie pipe 
or by hand, respectively. Abandoned soil borings will be checked 24 hours after 
abandonment to ensure that no settlement occurred and that the materials cured properly. If 
settling has occurred, non-slurry bentonite will be added to fill the hole to near-ground 
surface. Like surface materials will be used to complete the upper 6 inches of the soil boring. 
The drill rig and sampling equipment will be decontaminated in accordance with the SOPs, 
Decontamination of Drilling Rigs and Equipment and Decontamination of Personnel and 
Equipment (Attachment A).  

5.5 Surface Soil Sampling 
Surface soil samples will be collected from 0 to 2 feet below ground surface (bgs) for arsenic 
and lead analyses using a hand auger. Additionally, one surface soil sample will be 
collected for analysis of PAHs and lead. A description of the surface soil lithology will be 
described in the field logbook. Observations will be documented on a soil boring log. 
Engineered or fill material including, but not limited to, gravel, asphalt, and concrete will be 
excluded from the sample. The remaining soil will be placed in a clean stainless steel bowl 
and homogenized.  

Sampling equipment will be decontaminated in accordance with the SOP, Decontamination of 
Personnel and Equipment (Attachment A). IDW will be handled as discussed in Section 9. 
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5.6 Monitoring Well Installation and Development 
As discussed in Section 3.5 of the RI work plan, monitoring wells will be installed and 
screened within the unconsolidated overburden (shallow monitoring wells) and competent 
bedrock (deep monitoring well) beneath the site. To ensure a detailed description of 
subsurface conditions, soil samples from monitoring well boreholes will be logged and 
screened in the same manner as discussed in Section 5.4.2. The wells will be installed and 
developed in accordance with the SOP, Well Installation and Development (Attachment A). 
IDW will be handled as discussed in Section 9. 

5.6.1 Shallow Monitoring Well Installation 
Hollow-stem auger drilling techniques will be used to install shallow monitoring wells. 
Shallow monitoring wells will be constructed of 2-inch-diameter, factory manufactured, 
flush-jointed, Schedule 40 PVC riser and screen (0.01-inch machine slot size). The well 
screen will be 10 feet long, and a PVC plug will be threaded onto the bottom of the well 
screen.  

The annular space surrounding the well screen will be completed with a properly sized and 
graded, thoroughly washed, sound, durable, well-rounded siliceous sand. The primary sand 
filter pack will extend from 1 to 2 feet below the bottom of the well to 2 feet above the top of 
the well screen. The drilling subcontractor will use a weighted tape to monitor the depth of 
the sand pack during placement. The filter pack will be allowed to settle before a final 
measurement is taken of the top of sand. A bentonite seal will be installed atop the sand 
filter pack. The bentonite seal will consist of 2 feet of granular bentonite. If the bentonite seal 
is located above the saturated zone, the bentonite chips will be hydrated using potable 
water in 1-foot lifts. A minimum of 1 hour will elapse between installling the bentonite seal 
and completing the remaining annular space. The drilling subcontractor will use a weighted 
tape to verify the top of the bentonite seal. The type of grout used for the annular seal will 
consist of high solids sodium bentonite slurry, at least 20 to 30 percent weight by solids. The 
grout will be mixed in accordance with manufacturer’s instructions to achieve a density of 
at least 9.4 pounds per gallon. The grout density will be measured with a mud scale after 
each batch has been mixed to ensure the proper density has been achieved. The grout will 
be pumped into the annular space using a side-discharge tremie pipe. 

The monitoring wells will be completed with flush-mount well protectors. The flush-mount 
well protector will consist of a watertight well vault equipped with a cast-iron lid and 
aluminum skirt. A 4-foot-square by 4-inch-thick concrete pad will be poured around the 
well vault. The concrete pad will be finished in such a manner that surface water drains 
away from the well vault. The monitoring well riser will be equipped with a watertight well 
cap (J-plug type) and lock keyed similar to other monitoring wells installed as part of the 
investigation. The CH2M HILL geologist or engineer providing oversight of each 
monitoring well installed will complete a flush-mount monitoring well completion form.  

5.6.2 Deep Monitoring Well Installation 
Hollow-stem auger drilling techniques will be used to advance the deep monitoring well 
through the unconsolidated overburden until competent bedrock is encountered. Air rotary 
drilling methods will be used to advance the borehole into competent bedrock. A 6-inch 
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permanent steel isolation casing will be set 5 feet into competent bedrock and grouted in 
place using a cement grout. The competency of the bedrock will be determined by a field 
geologist. The cement grout will be allowed to set for 48 hours before re-entering the 
borehole and completing the well to total depth. The borehole will be advanced at least 
10 feet beyond the bottom of the permanent steel isolation casing. 

The deep monitoring well will be constructed of 2-inch-diameter, factory manufactured, 
flush-jointed, Schedule 40 PVC riser and screen (0.01-inch machine slot size). The well 
screen will be 5 feet long, and a PVC plug will be threaded onto the bottom of the well 
screen. The top of the well screen will be at least 2 feet below the bottom of the permanent 
steel casing. The remainder of the borehole will be completed in the same manner as the 
shallow monitoring wells. 

5.6.3 Monitoring Well Development 
Monitoring wells will be developed no sooner than 48 hours after installation. Each well will 
be developed by a combination of surging the well screen and pumping the monitoring well 
using an electric submersible pump. No air, detergents, soaps, acids, bleaches, or additives 
will be used during well development. A minimum of five well volumes will be removed 
during development plus the volume of water introduced during well installation. Well 
development will be continued until the required well volume is removed and the well 
water parameters have stabilized in accordance with the SOP, Monitoring Well Installation 
and Development (Attachment A). The monitoring wells also will be considered developed if 
the wells are purged dry. Groundwater parameters measured during well development will 
be recorded on well development forms.  

5.7 Monitoring Well Sampling 
Groundwater samples will be collected from existing and newly installed monitoring wells 
using low-flow sampling methods. These methods include techniques appropriate for 
low-recovery systems. A low-recovery system is a system in which a stabilized water level 
cannot be obtained when pumping at a constant flow rate without drawdown regardless of 
pumping rate or equipment type. The monitoring wells to be sampled as part of the RI are 
discussed in Section 3.5 of the RI work plan. 

5.7.1 Water Level Measurements 
Water level measurements will be collected from the boreholes and monitoring wells in 
accordance with the SOP, Water Level Measurements (Attachment A) before groundwater 
sampling. Groundwater levels will be measured to the nearest 0.01 foot using an electronic 
water level indicator. Water levels will be measured in feet below top of casing and ground 
surface. 

5.7.2 Groundwater Sampling 
Monitoring wells will be inspected for signs of tampering or other damage. Tampering, if 
suspected (for example, casing is damaged, lock or cap is missing), will be recorded in the 
field logbook and on the well sampling form and reported to the FTL. Monitoring wells that 
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appear to have been tampered with will not be sampled until the FTL has notified the RI 
lead to discuss the path forward with USACE. 

When numerous locations are to be sampled in succession, wells expected to have low 
levels of contamination or no contamination will be sampled before those expected to have 
higher levels of contamination. This practice will help reduce the potential for cross 
contamination between wells. Sampling activities will be recorded in the field logbook. 
Sampling data will be recorded on a well sampling form.  

Monitoring wells will be purged and samples collected for cVOC analysis using the 
groundwater low-flow purging and sampling techniques presented in the SOPs, Low-Flow 
Groundwater Sampling and Water Sample Collection for VOCs (Attachment A). The SOP 
includes techniques for low-recovery wells. Following cVOC sample collection, a composite 
sample from a select number of monitoring wells will be submitted for NOD analysis. If a 
groundwater sample cannot be collected following the SOP methods, a groundwater sample 
will be collected from the monitoring well in accordance with the SOP, Groundwater Sample 
Collection - Bailer Method (Attachment A). 

5.8 Indoor Air and Ambient Air Sampling 
Two rounds of indoor air and ambient air samples will be collected using Summa® canisters 
over a 24-hour period, two from the basement of 6317 Stratford Avenue and one from the 
back porch of 6317 Stratford Avenue as an ambient air sample. Each 24-hour air sample will 
be collected using a 6-liter Summa® canister using a flow controller set for 3.75 milliliters per 
minute (mL/min) this will allow the Summa® canister fill over a 24-hour period. Air 
samples will be analyzed by the CH2M HILL Applied Services Laboratory (ASL) in 
Corvallis, Oregon, via USEPA Method TO-15. CH2M HILL ASL is National Environmental 
Laboratory Accreditation Conference (NELAC) certified and U.S. Department of Defense 
(DoD) Quality Systems Manual (QSM) compliant. Indoor air sampling will follow the 
procedure described in the SOP, Indoor Air Sampling (Attachment A).  

When 6317 Stratford Avenue is entered, reasonable efforts will be made to locate a sump in 
the basement of the home. If a sump is located in the basement, one of the two indoor 
24-hour samples will be collected immediately adjacent to the sump location with the other 
sample collected at the opposite corner of the basement. In addition, one grab air sample 
with a 1-liter Summa® canister will be taken from the sump, if water is present. The 
canisters will be supplied from and returned to the CH2M HILL ASL in Corvallis, Oregon, 
for analysis. CH2M HILL ASL is National Environmental Laboratory Accreditation 
Conference (NELAC) certified and DoD Quality Systems Manual (QSM) compliant. 

The first round of indoor air and ambient air sampling will commence in May 2008 with a 
second or seasonal round of indoor air and ambient air sampling conducted in fall 2008.  

5.8.1 Indoor Air Sample Analyses 
Air samples will be analyzed by the CH2M HILL ASL in Corvallis, Oregon, via USEPA 
Method TO-15. Scan mode will be used for the soil gas samples. Selective ion mode (SIM) 
will be used for the indoor air samples. Groundwater samples will be analyzed by PEL 
Laboratories in Tampa, Florida, using USEPA Method SW8260B. 
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The following cVOCs will be analyzed for: 

• Tetrachloroethene 
• Trichloroethene 
• cis-1,2-Dichloroethene (DCE) 
• trans-1,2-DCE 
• 1,2-Dichloroethane 
• Vinyl chloride 

Turnaround time for the analysis is 10 days. 

5.9 Decontamination Procedures 
The equipment used for field sampling will be decontaminated before and during sampling 
activities. This includes parts of the drill rig that come in contact with the formation soil, 
augers, pumps, soil and water sampling equipment, and water level measuring devices. 
Large pieces of equipment and tooling including drill rigs and hollow-stem auger tooling 
will be decontaminated within a decontamination pad constructed at an area designated by 
the field team. To minimize the handling of IDW containers, the decontamination pad will 
be located adjacent to the drum staging area. Smaller pieces of equipment including DPT 
core barrels, hand augers, and undedicated sampling equipment will be decontaminated in 
designated wash and rinse containers located adjacent to the sample location. At the end of 
each day, the decontamination fluids will be transferred to the drum staging area. 

5.9.1 Drilling Equipment 
Equipment decontamination activities will be conducted in accordance with the SOP, 
Decontamination of Drilling Rigs and Equipment (Attachment A) before drilling begins. 
Drilling/probing equipment and tooling will be decontaminated (as appropriate) before 
work begins, between sample intervals, between soil boring locations, before leaving the site 
at the end of each day, and at the conclusion of the drilling program. Decontamination of 
hollow-stem auger and air-rotary equipment and tooling will consist of washing the 
equipment with a high-pressure steam or hot water wash. Direct push tooling will be 
decontaminated between sample intervals by hand scrubbing the equipment in wash and 
rinse solutions. Decontamination fluids will be handled in accordance with Section 9.  

5.9.2 Sampling Equipment 
Equipment decontamination activities will be conducted before sampling in accordance 
with the SOP, Decontamination of Field Personnel and Equipment (Attachment A). Sampling 
equipment will be decontaminated in the field before sampling and also between sampling 
locations. To the extent possible, disposable sampling equipment will be used. The 
following decontamination steps will be taken for reusable equipment: 

• Liquinox® detergent wash  
• Distilled water rinse  
• Air drying  
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If the equipment is not to be used soon, it must be stowed in such a manner to minimize 
potential cross contamination. Decontamination waste will be collected in accordance with 
Section 9. 

5.10 Sample Containers and Preservation Techniques 
Sample containers, preservation methods, and volumes are specified in Section 2 of the 
QAPP.  

5.11 Field Quality Control Sampling Procedures 
Field QC sampling requirements and procedures are specified in Section 2 of the QAPP. 



FIELD SAMPLIING PLAN 

5-10 

This page intentionally left blank. 

 



 

6-1 

SECTION 6 

Field Operations Documentation  

This section describes the procedures used to track field samples and identifies 
documentation procedures, project file requirements, and project-related reporting. It also 
presents the format that should be used to present raw data and conclusions of the RI field 
activities. 

6.1 Field Logbook  
Field sampling activities will be recorded in field logbooks during the RI. The field logbooks 
will be bound field survey books or notebooks. Logbooks will be assigned to the field crew, 
but stored in a secure location when not in use. The title page will contain the name of the 
person to whom the logbook is assigned; address for the logbook to be returned if found, 
logbook number, project number, project start date, and project end date. Entries will be 
recorded in indelible, waterproof ink. If an error is made in the field logbook, field form, 
chain-of-custody record, or other field document, a correction will be made by crossing a 
single line through the error, entering the correct information, initialing, and dating the 
information. 

At the beginning of each day, the date, weather, personnel/contractors onsite, daily 
objective, and start time will be recorded. The date will be written at the top of every page of 
the logbook. The time of entry recordings will be in columnar form down the left-hand side 
of the page. If an entry is made in a nondedicated logbook, then the date, project name, and 
project number will be entered left to right, respectively, along the top of the right page. 
Entries will be dated and time of entry recorded. At the end of each day’s entry or particular 
event, if appropriate, personnel will draw a diagonal line originating from the bottom left 
corner of the page to the conclusion of the entry and sign along the line, indicating the 
conclusion of the entry or the day’s activity. 

Entries in the field logbook must be legible and contain accurate and inclusive 
documentation of project activities, such as drilling, sample collection, and field 
measurements. Information pertaining to health and safety aspects, personnel onsite, 
visitors’ names, association, and time of arrival/departure also will be logged. Language in 
the field logbooks must be objective and factual. Once completed, field logbooks will 
become accountable documents and must be maintained as part of the project files. The field 
logbooks will be audited from time to time to ensure compliance with this procedure. 

Aspects of sample collection and handling, as well as visual observations, will be 
documented in the field logbooks. Sample collection equipment and field measurement 
equipment will be identified in the field logbooks. Calculations, results, and calibration data 
for field sampling and measurement of field parameters also will be recorded in the 
logbooks, except where the data are referenced as being recorded on approved field forms. 
Field measurements must be traceable to the specific piece of field equipment and to the 
field investigator making the measurement. 
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6.2 Photographic Records  
The time and date of photographs taken will be recorded in the field logbook. Additional 
information to be collected includes compass direction that the camera was facing, the 
photographer’s name, and what the picture documents. This information is to be recorded 
on the back of the photographs when developed or as part of the file if the photograph is 
digital. 

6.3 Sample Documentation  
6.3.1 Sample Identification for Soil and Groundwater Samples 
During the RI field activities, a consistent sample identification (ID) system will be 
employed to ensure uniqueness and clarity in sample names. This section describes the 
protocol that will be followed in naming samples that are submitted to the analytical 
laboratory. Each sample collected will be assigned an ID number that includes the following 
information: 

• Sample location type 
• Sample matrix type 
• Sample location number 
• Sample depth 

The analytical laboratory allows up to 12 characters in a sample name. The procedures 
described in this section must be followed closely to prevent sample tracking problems. 

Sample Location Type 
Sample IDs will begin with the two-letter designation for the sample location. The following 
abbreviations will be used: 

• SB  soil boring 
• HA  hand auger boring 
• MW monitoring well 

Sample Location 
Sample locations will be designated by a two- or three-digit number. Each soil boring will 
be assigned a two-digit number. Newly installed monitoring wells will be assigned a 
number corresponding with the numbering sequence of existing monitoring wells.  

Sample Matrix Type 
A one-character abbreviation will designate the type of sample being collected. The 
following abbreviations will be used: 

• S soil samples 
• W groundwater and groundwater grab samples  
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Sample Depth 
Soil sample depths will be designated by two characters. A two-digit number will designate 
the top of the interval, in feet bgs, from which the sample was collected. For example, two 
samples are retained for laboratory analysis from a continuously sampled borehole with 
depth intervals of 2 to 4 feet and 8 to 10 feet bgs; the sample depth designations for these 
samples are “02” and “08,” respectively. In addition, the depth of groundwater grab 
samples collected at the depth of the maximum ECD response within groundwater 
confirmation borings will be specified. The sample depth designation for an aqueous sample 
collected from a monitoring well would be “00.” 

Sample Numbering System 
A complete sample name for sampling will consist of the four components listed below, 
using the following format: 

(sample location type)-(sample location)-(sample matrix type)-(sample depth) 

For example, “SB-20-S-10” represents the soil sample collected from soil boring SB-20 from 
the interval starting at 10 feet bgs. “SB-10-W-20” represents a groundwater grab sample 
collected from a targeted sample depth of 20 feet bgs (depth of maximum ECD response in 
the saturated zone) in soil boring SB-10. “MW-113-W-00” represents a groundwater sample 
collected from monitoring well MW-113. 

6.3.2 Quality Assurance/Quality Control Sample Identification 
Quality assurance (QA)/QC samples to be collected are specified in the QAPP. This 
subsection describes how ID numbers are to be assigned to QA/QC samples during field 
activities. 

Equipment and trip blanks will be named according to the following examples: 

• EB-070108: equipment blank collected on July 1, 2008 
• TB-070108: trip blank submitted with VOC samples packaged on July 1, 2008 

Matrix spike/matrix spike duplicate (MS/MSD) samples will be named identically to 
ordinary environmental samples, except that the symbols “MS” and “SD” will be added to 
the end of the sample name as appropriate. For example:  

• SB-20-S-10MS (matrix spike) 
• SB-20-S-10SD (matrix spike duplicate) 

Field duplicates will be named in a manner not readily discernable to the laboratory. Field 
duplicates will be identified using the following format: 

• FD-(sample matrix type)-(mmddyy)(increment) 

For example, “FD-S-070108A” indicates the first soil sample field duplicate collected on 
July 1, 2008. “FD-S-070108B” indicates the second soil sample field duplicate collected on 
July 1, 2008. The increment for each matrix will start over with the letter “A” upon each 
subsequent day of field sampling. 
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6.3.3 Sample Label Identification 
A sample label will be affixed to each sample container. Sample labels identify the sample 
with a unique ID number, the sample type (including groundwater and soil), analytical 
method requested, sampler’s name or initials, date collected, time collected, and the 
preservation method used. The labels will be completed in waterproof, black ink. Labels 
that have preprinted sample IDs may be used. The remaining information is completed at 
the time of sample collection. Additional tape to secure sample labels is not to be used 
because of the potential for sample contamination from volatile chemicals in the adhesives. 
Samples will be placed in plastic bags for storage and shipment to prevent sample loss or 
damage caused by melting ice or by broken or leaking sample containers. 

6.3.4 Sample Identification for Indoor Air and Ambient Air Samples 
A sample numbering system will be used to uniquely identify each sample, including 
duplicates and blanks. Each analytical sample will be assigned a number as follows:  

• Sample ID - SLOP-WWWW- XX-Y-ZZ 

• Site name or identifier – SLOP 

• Sample ID number – House Address Number, WWWW 

• Sample matrix – XX (SG for soil gas, GW for groundwater, IA for indoor air, and AA for 
ambient air) 

• Sample location– Y (N, S, E, and W for direction of sample location, and G for grab 
sample at the sump) 

• Sample depth – ZZ feet for soil gas and groundwater samples  

• QC samples will receive TB (trip blank), MS (matrix spike), SD (matrix spike duplicate), 
or FD (field duplicate) designation at the end of the sample ID. 

An example of the sample ID for a soil gas sample collected in the front yard (south sample) 
of 6321 Stratford Avenue at a depth of 7 feet would be: SLOP-6321-S-07. A field duplicate at 
this locations would have the sample ID SLOP-6329-S-05-FD. 

In addition to the sample ID, the label and chain-of-custody (COC) form will also contain 
the following information as applicable: 

• Date and time of sample collection – MM/DD/YY - HHMM 
• Sample matrix or matrix identifier – Soil gas, groundwater, indoor air 
• Type of analyses to be conducted – TO-15, 8260B 

The label, affixed to samples sent to the laboratory for analysis, and the COC form will be 
written in indelible ink. 

6.3.5 Chain-of-Custody Records 
Procedures to ensure the custody and integrity of the samples begin at the time of sampling 
and continue through transport, sample receipt, preparation, analysis and storage, data 
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generation and reporting, and sample disposal. Chain-of-custody procedures are specified 
in Section 2.3 of the QAPP. 
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SECTION 7 

Sample Packaging and Shipping Requirements 

Soil and groundwater samples for chemical analysis will be packed in insulated coolers and 
kept at a temperature of 4 degrees Celsius (°C) with double-bagged ice sealed so as to 
prevent leakage of water. Samples will not be frozen. The sample containers will be sealed 
in watertight bags that will then be placed into the insulated container. Summa® canisters 
will be packed in a rigid wall shipping container such as a cooler or heavy duty cardboard 
box. Ice is not required for preservation of the soil gas samples. The canisters will not be 
packed with other objects or materials that could cause them to puncture.  

Packing material will be used to protect the sample containers from breakage during 
shipment. The completed chain-of-custody form will be sealed within a plastic bag and 
taped to the inside of the cooler lid. Each shipping container will be sealed with tape in two 
locations to secure the cooler, and chain-of-custody seals will be signed and dated and 
placed on either side of the lid to allow the receiver to identify tampering during transport 
to the laboratory. Samples will be transported from the site to the laboratory by express 
shipment to ensure analysis within specified holding times. Samples will be shipped within 
1 day of collection to ensure analysis within holding times. Samples for soil cVOC analysis 
will be shipped the day they are collected so that they may be preserved at the laboratory 
within 48 hours of collection. Samples requiring shipment by common carrier will be 
labeled and placed in accordance with applicable International Air Transportation 
Association regulations. 

7.1 Sample Packing, Shipping, and Custody of Indoor Air 
Samples 

Samples will be packed in a rigid wall shipping container; a cooler for groundwater samples 
and heavy-duty cardboard box for Summa® canisters containing air samples. Summa® 
canisters will not be packed with other objects or materials that could cause them to 
puncture. 

Completed COC forms will be inserted into a waterproof cover and taped to the inside lid of 
each shipping container. The shipping container will be sealed with strapping tape for extra 
security during shipping. The custody seal will be placed over the openings of the shipping 
container. 

The FTL will notify the laboratory of the field sampling activities and the subsequent 
transfer of samples to the laboratory. This notification will include information concerning 
the number and type of samples to be shipped and the expected date of arrival.  

The laboratory custodian will verify that the custody seals on the sample shipment or the 
containers are intact and that the information on the COC form matches the actual contents. 
The vacuum of each canister will be checked upon receipt by the laboratory to ensure that 
vacuum was not lost in transport. The laboratory custodian also will note anomalies. 
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SECTION 8 

Surveying 

Survey work for the project will consist of surveying the locations of various sampling 
activities across the site. The following are minimum standards for the work. 

The surveyor will provide horizontal and vertical control for the site. Accuracy of the 
control shall be Third Order Class I as outlined in the Federal Geographic Data Committee’s 
Geospatial Positioning Accuracy Standards, Part 4: Standards for Architecture, Engineering, 
Constructions (A/E/C) and Facility Management. 

The surveyor will provide coordinates of the points X, Y, and Z to the nearest 0.01 foot. 
Coordinates will conform to North American Datum (NAD) 83 (Latest Adjustment) and 
North American Vertical Datum (NAVD) 88 with ties to the Missouri State Plane 
Coordinate System, Missouri East Zone FIPSZONE 2401, ADSZONE 4401, UTM Zones 15 
and 16. Daily information will be recorded in field logbook format, and the data collector 
information will be provided to CH2M HILL. Level and horizontal traverse networks will 
be closed to the starting point and the errors recorded. If errors exceed the standards 
outlined below, the survey will rerun the horizontal and vertical traverses until the errors 
are eliminated within the acceptable range. Field notes will include the date, names of the 
crew, weather conditions, barometric pressure, and collected survey data information. 
Bench marks will be turned through and become part of the level loop.  

The accuracy standards include the following: 

• Spot elevations shall be measured to within ±0.01 foot on hard surfaces (asphalt, 
concrete, utilities, etc.) and ±0.10 foot on other surfaces. 

• Other physical features shall be measured to within ± 0.2 foot of their true horizontal 
location. 

Topographic and cultural features shall be tied so as to enable the calculation of coordinates 
of each feature shown on the site map. The type of feature tied will be identified in the field 
notes (for example, face of building, foundation, drip line). 
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SECTION 9 

Investigation-Derived Wastes 

The field program will generate solid and liquid IDW requiring handling and disposal. IDW 
consists of materials that could pose a risk to human health and the environment (for 
example, sampling and decontamination wastes) as well as materials that have little 
potential to pose risk to human health and the environment (such as sanitary solid wastes). 
Two types of IDW will be generated during field activities: indigenous and non-indigenous. 
Indigenous waste includes soil and aqueous material from sampling efforts. 
Non-indigenous waste is expected to consist of decontamination fluids and miscellaneous 
trash.  

IDW will be properly containerized in 55-gallon steel drums approved by the U.S. 
Department of Transportation. The drums will be staged at a designated sitewide drum 
staging area. The drum staging area will be determined during an initial reconnaissance 
visit prior to subcontractor mobilization. Subcontractors will transport drums from the point 
of generation to the drum staging area following completion of the subcontractor’s 
activities. IDW will be characterized to determine the appropriate means of transport and 
disposal. Nonhazardous waste will be profiled, manifested, transported, and disposed of at 
an appropriate disposal facility. Material considered to be hazardous will be segregated 
from nonhazardous waste, profiled, manifested, and transported as hazardous waste to a 
permitted hazardous waste facility. Waste will be disposed in accordance with state and 
federal regulations. 

Decontamination of sampling equipment may generate a small quantity of liquid that 
contains laboratory detergent. The quantities of detergent generated will be small relative to 
the volume of water used in decontamination, and the volume of water generated also will 
be small. Thus, these materials should be present at very low concentrations and in small 
quantities.  

Disposable PPE will be decontaminated (if gross contamination is noted) with water, 
double-bagged, and disposed of in an onsite dumpster, if available. On the basis of the 
nature of the sampling activities, it is assumed that used PPE will not be considered a 
hazardous waste, even before decontamination. If PPE or disposable sampling equipment is 
determined to be potentially hazardous waste, it will be segregated and placed in a 
55-gallon drum for characterization and disposal. 

The field team will ensure that the containers are labeled, handled, stored, and secured in 
accordance with applicable state and federal regulations. Waste storage containers will be 
labeled immediately after waste has been first placed in the container. The following 
procedure will be used for waste container labeling:  

• A weather-resistant label will be affixed and located on the upper one-third of each 
storage container. Alternatively, label information may be recorded directly on a clean, 
dry surface with an indelible white or silver paint marker.  
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• Each label will be placed on a smooth part of the container and will not be affixed across 
drum bungs, seams, ridges, or dents.  

• Information to be recorded on each label includes the following:  
− Container number  
− Contents  
− Source of waste 
− Source location  
− Project name and site identification  
− Physical characteristic of the waste 
− Generation date  

• Information documented on container labels will be recorded in the field logbook. 

• Container labels will be protected in a manner to prevent damage or degradation of the 
recorded information.  

Waste containers will be staged in a manner to accommodate inspection and sampling, if 
necessary, and to facilitate safe handling of the containers. Hazardous wastes, as defined 
under the Resource Conservation and Recovery Act, will be managed in accordance with 
the appropriate requirements. IDW will be removed from the site as soon as possible after 
receipt of the analytical results, but no longer than 90 days from generation.  
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SECTION 10 

Field Assessment  

QC will be maintained throughout fieldwork by means of a three-phase process. The three 
contractor QC phases, which include preparatory, initial, and follow-up, will be performed 
onsite by the QC officer, which will be the FTL. CH2M HILL will assign the FTL. The role of 
the FTL will be to summarize the activities of each contractor QC phase in the daily QC 
report. Contractor QC phases will be performed for each task that has separate control 
requirements. This section includes the following: 

• Identification of contractor quality control representative 
• Field equipment list 
• Description of activities during the phases 
• Identification of the definable features of work 
• Sample table to match primary and QA samples, and other field control samples required  

10.1 Contractor Quality Control 
A three-phase control process will be used to ensure that quality is maintained throughout 
the fieldwork. The three phases will be performed onsite and are discussed below. 

10.1.1 Preparatory Phase 
The preparatory phase is conducted at the beginning of the work and includes review of the 
work requirements, required materials, and an examination of the work site. The 
requirements for this phase are listed below. 

• Checklist of field equipment and other materials: 
− Sampling and analysis plan (SAP) 
− Health and safety plan 
− Forms for recording of data  
− Figures for documenting sampling locations  
− QA sample table to match up the QC and QA samples  
− Field screening instruments, instructions, and required calibration materials  
− Backup instrument for field screening or instructions for obtaining backup  
− Established procedures for instrument repair  
− Decontamination materials including solvents, rinse water, and paper towels  
− Sample collection equipment  
− Labels for sample containers  
− Sample shipping documents (such as air bills)  
− Sample containers and preservatives for each analysis  
− Chain-of-custody forms and seals  
− Sample shipping coolers  
− Tape  
− Sample packing materials, including plastic bags  
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− Laboratory information: name; address; phone number; point of contact; turnaround 
time for the analyses; and documentation that laboratories have been notified that 
samples will be shipped and confirmation that laboratories will accept the samples  

• Checklist of activities:  
− The FTL will review pertinent sections of the plans and specifications during the 

preparatory meeting in order to ensure that field personnel are cognizant of the 
overall project data quality objectives as well as specific sampling and analysis 
requirements. This review should include reading the sections aloud, if necessary, to 
clarify the requirements.  

− The FSP and QAPP will be reviewed in detail.  

− Instruments will be calibrated during the preparatory inspection meeting using 
certified calibration standards, gases, or other appropriate equipment.  

− Equipment decontamination procedures will be reviewed.  

− Sample custody procedures and forms will be reviewed. The sample numbering 
system will be discussed.  

− The sampling team will discuss how each type of sample will be collected, including 
the intended sample containers, sampling equipment, decontamination procedures, 
and data reporting requirements. 

− Laboratory turnaround times will be established and documented in the minutes of 
the preparatory meeting. The FTL will present a tracking system to ensure that data 
are received in a timely manner.  

10.1.2 Initial Phase 
The initial phase includes the following activities: 

• The FTL will oversee sampling and review the work for compliance with contract 
requirements.  

• Individual sample labels and chain-of-custody forms will be inspected for accuracy, 
completeness, and consistency.  

• The FTL will inspect the packaging and shipping of the samples. 

• Initial instrument calibration and ongoing calibrations will be observed, verified, and 
documented.  

• Field notes will be inspected to ensure that pertinent data are recorded in accordance 
with the contract requirements. The notes will include identification of field control 
samples (replicate samples, split samples, field blanks) and detailed sketches showing 
the sample locations. Sample locations should be recorded daily. 

• The sampling team will complete the table that matches primary and QA samples at the 
end of each day of sampling and attach a copy of the daily QC report.  
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10.1.3 Follow-up Phase 
During the follow-up phase, the FTL will be responsible for continued daily contract 
compliance until completion of the particular work tasks. 
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SECTION 11 

Nonconformance and Corrective Actions 

This section describes the corrective actions to be taken if field personnel discover a 
discrepancy during a desk or field audit, or if the laboratory discovers discrepancies or 
problems. Typical discrepancies include improper sampling procedures, improper 
instrument calibration procedures, incomplete or improper sample preservation, and 
problems with samples upon receipt at the laboratory. 

Corrective action is the process of identifying, recommending, approving, and 
implementing measures to counter unacceptable procedures or out-of-QC performance that 
can affect data quality. Corrective action can be taken during field activities, laboratory 
analyses, data validation, and data assessment. Corrective action proposed and 
implemented will be documented in regular QA reports to management. Corrective action 
should be implemented only after approval by the project manager or a designee. If 
immediate corrective action is required, approvals secured by telephone from the project 
manager should be documented in an additional memorandum.  

For noncompliance problems, a formal corrective action program will be determined and 
implemented at the time the problem is identified. The person who identifies the problem 
will be responsible for notifying the project manager, who in turn will notify the USACE 
contracting office representative. Implementation of corrective action will be confirmed in 
writing through the same channels.  

Noncompliance with the established QC procedures in the QAPP or FSP will be identified 
and corrected in accordance with the QAPP. The project manager or designee will issue a 
nonconformance report for each noncompliance condition.  

Corrective actions will be implemented and documented in the field record book. No staff 
member will initiate corrective action without prior communication of findings through the 
proper channels. If corrective actions are insufficient, work may be stopped by a stop-work 
order issued by USACE.  

Conti/CH2M HILL recognizes USACE’s desire that data generated from the sampling effort 
have minimal qualifiers because of nonattainment of field and laboratory QC objectives. 
CH2M HILL and its subcontract laboratory will be proactive in preventing missed holding 
times and meeting surrogate criteria. When the criteria are not met, resampling and 
reanalysis may be implemented as corrective actions. 

11.1 Field Corrective Action 
Corrective action in the field can be needed when the sample network is changed (for 
example, more or fewer samples, sampling locations other than those specified in this FSP) 
or sampling procedures and/or field analytical procedures require modification because of 
unexpected conditions. Technical staff and project personnel will be responsible for 
reporting suspected technical or QA noncompliances or suspected deficiencies of an activity 
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or issued document by reporting the situation to the project manager or designee. The 
project manager is responsible for assessing the suspected problems in consultation with the 
project QA manager on making a decision based on the potential for the situation to affect 
the quality of the data. If the situation represents a reportable noncompliance requiring 
corrective action, then the manager will issue a noncompliance report.  

The manager will ensure that corrective actions for noncompliances are initiated by the 
following: 

• Evaluating reported noncompliances  
• Controlling additional work on nonconforming items 
• Determining disposition or action to be taken 
• Maintaining a log of noncompliances 
• Reviewing noncompliance reports and corrective actions taken  
• Ensuring that noncompliance reports are included in the final site documentation in 

project files 

If appropriate, the project manager will ensure that no additional work that depends on the 
noncompliant activity is performed until the corrective actions are completed. Corrective 
action for field measurements may include the following:  

• Repeat the measurement to check the error 
• Check for proper adjustments for ambient conditions such as temperature 
• Check the batteries 
• Recalibrate the equipment 
• Check the calibration 
• Replace the instrument or measurement devices 
• Stop work (if necessary) 

The FTL or designee is responsible for RI field activities. In this role, the FTL must at times 
adjust the site programs to accommodate site-specific needs. When it becomes necessary to 
modify a program, the responsible person notifies the FTL of the anticipated change and 
then implements the change upon the FTL’s approval. The change in the program will be 
documented on the field change request that will be signed by the initiators and the FTL. 
The field change request for each document will be numbered serially as received. The field 
change request will be attached to the file copy of the affected document. The FTL must 
approve the change in writing or verbally prior to field implementation, if feasible. If 
unacceptable, the action taken during the period of deviation will be evaluated to determine 
the significance of the departure from established program practices and action taken.  

The FTL is responsible for the controlling, tracking, and implementation of the identified 
changes. Reports on changes will be distributed to affected parties. The contracting office 
representative will be notified whenever program changes are made in the field.  

Corrective action resulting from internal field audits will be implemented immediately if 
data may be adversely affected as a result of unapproved or improper use of approved 
methods. The QA officer will identify deficiencies and recommended corrective action to the 
project manager. The FTL and field team will implement corrective actions. Corrective 
action will be documented in QA reports distributed to the entire project management team.  
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Corrective actions will be implemented and documented in the field logbook. No staff 
member will initiate corrective action without prior communication of findings through the 
proper channels. If corrective actions are insufficient, USACE may stop work. 

11.2 Laboratory Corrective Action 
Corrective action in the laboratory may occur before, during, and after initial analyses. 
Laboratory corrective actions are defined in Section 3.1.2 of the QAPP.  
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Standard Practice for
Direct Push Technology for Volatile Contaminant Logging
with the Membrane Interface Probe (MIP)" 2

Thi. >t;md;trd ;s i~ undo..,. l h~ li .ed .w:>J!nallOll 0 1352: lhc' n",nbn ilTlJTlotd'aICl, r,>lkl.. ing 11M: doNgll~l io.W\ ;nllic;Mc. ,he , .....- of
<1I'1,eina l adoption 01. 1R[he • a-e of ...,,-j"'..... ,he ~ar o f la\l , ...;sion "",nhc1 In l"'r"nlh~ indk:al'" lh~ ~~ of I.>l.I reaJlpl'tw al. "
, up.:l1o<:ri pl ep>ik" , (0' indi.:al'" an N ,,, ..,..I "h"lI~c ,"nee lh" la" ' ''' k >rl.. "'''I'p,.,.al

I . Scope

1.1 This standard practice describes a method for rapid
delineation of volatile organic contaminant." (VOC) in the
subs urface using a membrane interface probe. Logging with
the membrane inte rface probe i .. usually performed with direct
push equipment.

1.2 Th is standard practice describes how to obtain a real
lime vertical log of volatile organic contaminant s with depth.
The data obtained is indicative of the tota l volatile organic
con tam inant concentration in the subsurface at depth.

1.3 Other sensors. such as electrical conductivity. fluores 
cence detec tors, and cone penetra tion tools may be included to
provide add itional information. The use of a lithologic logg ing
too l is highly recommended to define bydrostrarigraphic con
ditions, such as migration pathways, and to guide continua tion
sampli ng.

1--' LimitUlioll.f-The MIP system does not pro vide speci
ficity of analytes . This tool is to be u<,e:t.! as a total volatile
organic co ntaminant-screening tool. Soil and/or water sam
pling (Guides D tJOO l . D 62~2. D 6 72-l. and Pract ice D 67~5)

must be performed to identify specific unulytes and exact
co ncentrations. Only VOC s are detected by the MIP sys tem in
the subsurface. Detection lim its are subject to the sele ctivity of
the gas phase detec tor applie d and characte ristics of the
formation being penetrated (for example , clay and orga nic
carbo n content].

1.5 This pra ctice offers a set of instructions for performing
one or more specific operations. This document CCJ1l1l0t replace
education or experience and should be «sed ill conj unction
lI'ith professional judgment. Not all aspects ofthis practice may
be app licable ill al/ ci rcumstances. This ASTM standard is 1/01

intended 10 represent or replace the standard of care by ....hich
the adequacy of a given professional service 1IIlIst be judged,
1I0r shoulJ this document be applied without the con sideration

I Th" prxtlal " w>doet lhe jori5.dicrioo eXASTM COOlmiI_ 0 111 00 SclItand
Rod ...... i~ rhe dllCC1 ~'p;>moit>ili l) of SlIhOO.lIlD.111« DIS 21 on Ground Water 0iIDd
Vaclo;e lnfv: ln~~'ll !al lOllS.

Cum:nr C'dJlion "i"J'I'm"ed May 15.2007_ Pubh.hed Ju ly 2007 .
' 1b: MCll'll:JraM Imcri:Ja' ProN: i. oo,"t'Ud by a p;Mem_ Inte'(_led p.>t1~ are

in" lled to ~lIbrnit informahon ~g;uding rile- id~mi ficllhon or an a1r"ftl,lli ' e(il lO lhi,
palC'ntC'd it(1D 10 the ASTM Headqu....o:n_ You. cornmem. .. ill m:ei\"e C3rC'fuJ
c<>n >ldn~lion at ~ meelin, of the ~>pOlllible teclmical eommaree. "hicb you may
attend_

of a project's many unique aspects, The word "standa rd: ill the
tiue //I t' <1JI.f that the document has I>t'('11 upproved IlIr01/811 the
AST/I-I COIISt ' flSIlS process.

1.6 This standard does 1101 P'upo't ta address all of the
salety concerns . if (lily. associated " 'ith irs use. It is the
responsibilitv of the use r of this standard 10 estahtish appro
priate safe ty alltl health practices and determine the applica 
bi/jty (II rcgula torv timnations prio r /(I usc.

2. Refer enced Documents

2.1 ASTJf Standards: ~

D 6~_~ Terminology Relating to So il. Rock. and Conta ined
Auids

D 529':1 Guide for Decommi ssioning of Groun d Water
Wells. Vadose Zo ne Monitoring Devices. Boreho les, and
Other Devices for Environme ntal Activities

D 60m Guide for Direct-Push Ground Water Sampling for
Environmenta l Site Characterization

0 6282 Guide for Direct Pus h Soil Sa mpling for Environ
mental Site Characteri zations

D 672.l Gu ide for Installat ion of Direct Push Ground Water
Monitoring Wells

D 67~5 Pract ice for Direct Push Installatio n of Prepacked
Screen Monito ring Wells in Unconso lida ted Aquifers

[ 355 Practice for Gas Ch rom atography Ter ms and Rela
tiouships

3. Tcrm inolog,J

3.1 Termi nology used with in this practice is in accordance
with Terminology D 653 with the addi tion of the follo wing :

3.2 Definitions:
3.~.J corrv o l'a-retent ion of contaminant in the mem

brane and tnmkline which may result in false positive results or
an increased detector baseline at subsequent depth intervals.

3.2.2 closed couple flow-gas flow in the l\tlP system when
a probe is detached and the gas lines are coupled together. The
flow is then measured wit h a gas flow meter o n the re turn
tubing before entering the gas phase detectors . Used to verify
continuity of gas flow in the MIP system.

• For noferencC'd ASThI standard"- " i~1l rhe ASTM ..-ebvne. ,, ·..·..·.3>U"tLorg. or
contact ASnl CU,Iomtr Sen ic~ al >en-ictW....m.orl _For Amuwl 8(>(>1 of:\STAI
Sumdm..tJ Hllumoe inform al ion . reftr 10 the staudard ' , Doc ulTOtlll S"rnrnarr pag~ on
the ASTM ..~""itc
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3.~.3 gas dryer-a selecti vely permeable membrane tubing
(Nation'!» is used to continuously dr y the ~ll P carrier gas
stream by remo ving only water vapor.

3.:!.4 ga s phase detectors-heated labora tory grade detec
tors used for gas chromatogra phy (Practice E 355). Ga s effluent
from the MIP flows through these detectors for the ana lysis of
VOC compo unds. Detecto rs most often used with the MIP
include photoionization detector (PID), flarncionizarion detec
tor (FlO). and an electron capture detector (ECD).

3.2.5 me mbrane interf ace p robe (MIP)- a subsurface Jog
ging tool for detection of volatile organic compounds (VOCs).

3.2.6 response It's/- a test of the working ,\l IP system
perfor med by placing the MIl' probe ill all aqueous phase
solution with a known co ntanu nant of known concentrat ion.
Performed before each MIP log is conduct ed and one at the end
of the working day to validate the MIP system perfo rmance.
Also used to compare data from individual locat ions

3.2 .7 trigger- mechanical interface between the operator
and instrumentation to initia te or terminate data collection

3.2.8 trip time-the lime required for a contaminant to
penetrate the semi-permeable membrane and trave l to the gas
phase detecto rs at the surface through a fi xed length of tubing.

3.2.9 trunk/ille-plastic or metal jacketed cord containing
elec trical wires for the heaters in the probe block, electrica l
wires for other sensors, and tubing for the transport of carrier
gas and the con taminant to the surface and detectors.

3.2. 10 workillg standard- a chemical standard used ill re
spouse testing the ~HP system. Th is st andard is a diluted
concentration of an analytc stock standard , used for one
application and then properly disposed.

.;J. Summa r y of Pra ctice

4. 1 This practice describes the field method fo r delineation
of volatile organic contaminants with depth via the Membra ne
Interface Probe (t'.'lI P). The MIP is a continuously sampling
tool advanced through the soil using a direct push machine for
the purpo se of logging contaminant and litholog ic data in real
time (I , 2 ).4

4.2 A semipe rmeable membrane on the probe is heated to a
temperature of 100 10 I:~O°c. Clean carrier gas i ~ c irculated
across the internal surface of the membrane carrying volatile
organic contaminants, which have diffused (.'\) through the
membrane, to the surface for analysis by gas phase detectors.

5. Significance a nd Usc

5.1 The MIP system provides a timely and cost effective
WilY (4 ) for del ineation of volatile organic contami nants (for
example. benzene, toluene. solvents, trichloroethylene , tetra
chloroethylene) with depth (5. 6) . Recent investigation (1 ) has
found the Mlf can be effective in locating zones where dense
nonaq ueous phase liquids (DNA PL j may be presen t. MIP
provides real-lime measurement for optimizing selection of
sample locat ions when using a dynamic work plan. By identi
fying the depth at which a contaminant is locat ed, a more
representative sample of soil or water can be collected.

"TIle b<;JJdrace nllmb~", in parenlhe, e. refer to the li>cl of refer~nce. ~t the end of
1.1U S standard.

2

5.2 Correlat ion of a series of M IP logs across a site can
provide 2-D and 3-D definnion of the conta minant plume.
When litholog ic logs are obtained (Ee. CPT. etc.) with the MIP
datil. contaminant m igra tion path ways may be de fined.

5.3 The MIP logs provide a detailed record of con mminant
d istribu tion in the saturated and unsaturated formations. A
proportion of the chlorinated and non -chlorinated volatile
organic cont am inants in the sorbed , aqueous, or gilSCOUS phases
part ition through the membrane for detection up hole.

5.4 The data obtained from application of this practice may
be used to guide soil (Guide D 6 2(0; 2) and g roundwater sam
pling (Guide D bO( 1) or placement of tong-t erm monitoring
wells (Guide D 6724).

5.5 MIP data can be used to optimize site remediation by
knowing The depth distrib ution of volatile organic contami
nants. For e xample. materials injected for remediation arc
placed at corr ec t depths in the formation.

5.6 This practice also may be used as a means of evaluating
remediation performance. MIP can provide a cost -effective
way 10 monitor the progress of remediation . When properly
perfor med at suitable sites, logg ing location s call be compared
from the initial investigation to the monitoring of the contami
nant under remediation conditions.

Noll' l-e-The quality of the result produced by this standard is
dependent on the com petence of the personne l performing it, and the
suita bility of the eq uipruem and fac ili ties lIsed. Practitioners lhal meet the
criteria of Practice D 3740 are generally considered ca pable of com petent
and obj ecnve testing/sampling/inspection/etc . Users of this stand ard are
cautioned that compliance with Practice 0 3740 does not in itself assure
reliable results. Reliable results depen d on m~ny facto rs ; Pract ice D 3740
provides a mea ns of evaluating some ofthose factor , Practice D 374 (1 was
de velope d for agenc ies engaged in the testing and/or inspec tion of soils
and rod .. As such. it is not tota lly ap plicable to agencies performing this
practice . However. users of this practice shou ld recognize that the
framework of Practice D 3740 is approp riate for evaluat ing the qualit y of
<I n agency performi ng this practice. Curr ently there is no known qu alify
ing national authority that inspects agencies that perform this practic e.

6. Apparatus

6.1 Get/era[-The following discussion provides descri p
tions and details for the Membrane Interface Probe and system
components (Fig. I). Additional details on the MIP system are
available in the Geoprobe MIP SOP (1 ).

6.1.1 The Ame ricaJl Soc iety f or Testing and Materials takes
no po sition respecting the valid ity of any patent rights asserted
ill connection with any item mentioned ill this standard. User s
of this standard are exp ressly advised that determination (~f the
validity of a ll)" such patent rights, and the risk of illf ringeme nt
of such rights. a re emirelv their Oll'lI respo ns ib iiitv:

6.2 Membrane lmerfoce Probe- T he t.-lIP is the interface
between the bulk tormauo n and the gas phase detec tors up
hole. Volatile co mpou nds outside the probe diffuse across the
membrane and are swept up hole via an inert carrier gas (Fig.
2).

6.2.1 The memb rane is set in a removable insert . It is
constructed of a polymer coating impregna ted into stainless
steel wire mesh.

6.2.2 The membrane is inse rted into a heater block. The
elevated temperature of the heater block is used to speed the
diffusion of contaminants out of the bulk formation and
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FIG. I The Primary Components of the Membrane Interface Syslem

through the membrane. This heater block has a regulated
temperature typically set at 100 10 120cC.

6.2.3 Tubing i ~ used to supply carrier gob 10 the membrane.
Two tubes are used: a supply tube running from the carrier gas
source to the membrane and a ret urn tube running from the
memb rane 10 the ga.. phase detectors at ground surface.

6.2A The MIP system may be configured with a soil
elec trical co nduct ivity dipole for simultaneous collection of
general lithologic data,

6.2.5 The MIP probe may be co upled 10a CPT probe at us
lower end for :s imultaneous collec tion of CPT data {Fig. _'>.

6.3 MIl' Trunkline -:-:This cable consists of electr ical wires
for heating the MIP heater block and supplying voltage 10
additional sensors. The trunklin e also contains gas lines for [he
transport of VOCs from [he probe [ 0 detectors up-hole. This
trunklinc is packaged in a durable. protective jacketing 10 be
prestru ng through sreet drive rods prior to logg ing (Fig. 2 ).

6A MIP COl/lroller-The MIP controller is u..ed to co ntrol
the flo w delivered 10 the membrane and the voltage del ivered
to the heater block and electrical conductivity dipole electrode.
The primary feature s of the MIP controller include:

6.4 .1 Primary p~ure regula tor 10 control the pressure of
carrier gas to the flow regulation circuit of the MIP controller.

6.4.2 A mass flow controller is used 10 regula te the flow of
carrie r gas through the MIP system. Typical fl ow rates of 20 10
60 mUmin are used in the opera tion of the memb rane interface
probe .

6.4 .3 Temperature controller regula tes the voltage supp lied
10 the heater block 10 maintain an elevated temperature in the
subsurface. The temperature cont roller has two ou tputs 0 11 an
LCD. The top output is the temperature of the membrane in the
heater block. The bottom output is the set temperature of the
controlle r: the manufacturer sets this temperature at 121°C.

6.4.4 Analog signal input from the detec tor system. The
analog outputs from the gao> phase detectors are connected to
the contro ller to be transferred 10 the data acqui sition system.

6.5 Data Acquisition System-The primary puflXt:se of this
system is to save and graph data collec ted from the MIP pro be
and detector system in real time. The data ..aved by the
acquisition system are: depth; soil electrical conductivity; rare
of probe penetration into the subsurface: temp erature of the
probe; pressure of the carr ier gas supply at the fl ow controller;
a n d four possible gas phase d C[CCWT inputs. The primary
compoucms of the data acquisition system include:

6.5. 1 Alpha/numeric keypad for entry of site location infor
mation.

6.5.2 Internal and/or external data storage device for trans
fer of data from acqu isition sys tem to desktop o r lap top
computers , and

6.5.3 Global positioning system co nnections for acqui ring
latitude and long itude locations of logging location and sto rage
of this data directly to the log file.

6.6 Detector System-----Laborator)" grade. gas pha se derec
tors are needed for the detection of volatile organi c contami
nants in the carrier gas stream. Detectors may be in a gas
chroma tograph or in a stand-alone chassis. Diffe rent detectors
arc used for identification of spec ies groups of volatile com 
pou nds. nOI individual vola tile compo unds. Certain detectors
may be operated in series for 111(: de tection of different
contaminant types. A brief discussion of commonly used
detectors with the MIP system is provided.

6.6 .1 Photo ionization Detector (PID;-The PID uses an
intense beam of ultraviolet radiation to ionize molecu les in the
effluent of the MIP carrier gas stream for analyte detection. The
PID is a non-destructive detector and can therefore be used in
series with other detector types. A gas dryer must be used on

3



,0 D7352 - 07

Non -The schematic of the membrane interface probe depic ts the moveme nt of VOCs in the bulk formation (AI diffusing through the membrane (8)
into the carrier gas tel to be swept 10 the surface detec tors

FIG. 2 Schematic Diagram of the Memb rane Interface Probe

the carrier gas before entering the PID. The PID in the MIP
system is generally used for detection of aromatic hydrocar
bons such as benzene and toluene.

6.6.2 Flameioni::;ation De/ector (F/D)-The FlO uses a
hydrogenfair fl ame to produce ions and electrons thai can
conduct electricity through the flame. A potent ial is applied
across the burner tip and the collector electrode. The resulting

4

current is then ampli fied and recorded. Th e FlO is best used
with a high carbon content contaminant (that is, propane.
octane, heptane. and volatile aliphatic hydrocarbons).

6.6.3 Electron Capture Detector (ECD)- T he ECD oper
ales by passing the effluent of the MIP carrier gas over a
beta-emitter. such as nickel-63, causing ionization of the
carrier gas and the production of electrons. In the presence of
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MIP probe

CPT Cone

FIG. 3 Diagram of a MJP Connecte d in Ser ies wi th the CPT Cone

molecules rhat tend 10 capture e lectrons the current will
decrease. This decrease in current is then measured and
recorded. The ECD is highly sensitive toward electronegative
functional groups such as halogens. peroxides. quinines. and
nitro groups. The MIP system primarily uses the ECD for the
detection of chlorinated VDCs.

6.6.4 Dry Electrolytic Conductivi ty Detector (DELCD~

The DELCO uses pyrolysis and ox.ygen to react with the
effluent of the sample stream. Th is device uses the elevated
tempe rature to separate the chlorinated molecule from the
compou nd form ing chlorine dioxide. The chlori ne dioxide
reacts with an electrode measuring the conductivity of the
gases in the cell which generates a curre nt that is amplified and
recorded . T he DELCO is a destructive detec tor typically used
for thc select ive determination of chlo rinated species .

6.7 Slrin8P01~A depth measuring potentiom eter mounted
10 the direct push machine, transfers a voltage to the data
acquisition system for accurare depth measurement below
ground surface.

6.8 Drive Rods-Steel rods having adequ ate strength to
sustain the force require d to advance the membra ne interface

5

probe into the subsurface . The rods must be secured together to
form a rigid column of drive rods.

6.9 Direct Push Machine- A machine with hydraulic rams
supplemented wi th vehicle weigh! or a high frequency hamm er
to advance drive rods into unconsolidated formati ons.

7. Reagents an d Marer tals

7.1 Carrier Gas-A non-reactive (inert) gas is used for the
transpo rtation of the contaminant from the membrane to the up
hole detector system. Examples of gases used for MIP logg ing
include: UHP grade Nitrogen, UHP grade Helium. or a filtered
AIR supply. Nitrogen is mainly used for thc carrie r ga s becau se
it is readily available, is a stable gas. and is inert 10 hydrocar
bons.

NOTE 2-EleClron capture detectors req uire the use of a Nitrogen
carr ier gas or a 5 'k Argon/Methane mix auxiliary gas.

7.2 Metlwnol-CH.,OH, for use in the dilution of stock
standards.

7.3 Neal Volatile Organic Standards- Pure product stan
dards are used for thc preparat ion of stock standards. The neal
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product chosen should correlate 10 the contam inant of conce rn
at the inv est igat ion site. If spe cific contaminants are known
(for example, TeE, benzene). standard s of those compounds
may be used.

8.3 Label the vial with the da te the standard w as prepared.
initials ofthe one who pre pared the standard. the co ncentration
and the contaminant contained within the standard.

8A Handle and store standards appropri ately. VOC stan 
dards should be handled with appropriate gloves in a we ll
ventilated area. Some standards are conside red to be carcin o
gens and a materia l safety da ta sheet (MS DS) should be
consulted before handli ng. Some VOCs (for example, benzene)
will degrade in sunlight and standards should be stored in a
coo l and dark co ntainer. When stori ng, replace da maged septa
or lids on vial s.

9. P rocedure

9 .1 General Requirements:
9.1. 1 Prior to driving the mem brane interfa ce probe into the

subsurfac e. ensure that the proper clearanc e for direct push
equipment has been provid ed to avoid any hazards from
undergrou nd and overh ead utili ties.

9.2 MIP System Stan Up:
9. :!.1 Turn on carrier gases. Typicall y compre ssed cylinders

arc equipped with a 2-slage gas regulator that is typically set at
40 psi for M l j> ope ra tion.

9.2.2 Power o n the detector system , data acqui sition system
and MIP controller box. T he data acquisition system and
control ler box requ ire a l O-minu tc warm up time. The detector
systems may require up to 60 minutes of warm up time
depen d ing upon the det ector being used.

9.3 Response Testing - Respon se testing must be: conducted
before and after each log (F ig. 4 ). This will ensure the valid ity
of the dat a and the integrity of the system. Response testing
also provid es for com par ison of data for later .MlP logs at the
same site. Results o f the response test may change du e to
membrane wear from soil contact and abras ion.

9.3 .1 Power on the MIP heater and sub merge the probe into
a container of clean water to obtain a Mable basel ine on all
de tectors. Typicall y 5 minu tes of temperature cyclin g ill the
clean wate r wi ll result in a stable baseline.

OJ

AI,

T,v,

;\I, = 1.'.. x C""",

defin ition in S.L I , and
densi ty. in mill igrams per micro liter, of the so lute .

where:
V",
ej m ,, /

where:
.W,
d,

8. Preparat ion/Condi tioning

8, I General-Response testing is an integral pari of ens ur
ing the quality of data from the fl,HP system. A response test
must be conducted before deploying the system in the field. To
cond uct a response test. a stock standard is prepared . The stock
stan dard is determined by the conta mina nts of conce rn. Prepa
ration of the stoc k standard is critical to the final o utcome of
the co ncentration to be used in the respo nse It'SI.

S.:::! Preparation of Stork Sranda mJ - A 50 mglmL stock
standard is sufficie nt for a stock standard conce ntration"At (h i ~

conce ntration. onl y a small amount (25 mL) in a 40 mL vial is
needed ill the fie ld. Stock standards have a shelf life of 30 days
when appropri atel y handled and stored .

8.2.1 Mass of S(lII/ I !~. M,- Thi s parameter is the mass. in
mill igrams , of solute needed to prepare the stoc k stan dard and
is defined as:

volume of solvent (methanol) in milliliter s. and
final concentration of stoc k standard ill milligrams
per milliliter.

8.2.2 Volullle of Solute in Microliters. V,- T his parameter is
the volume of so lute needed for the stock standard prepare d to
equal a concentration of 50 mg/ml.. By using the dens ity of the
compo und and the result in 8.2 .1. a volume o f the solute is
obta ined

'>2. ..-Tr ip T il11~

~

~
~

"c
0:
c.

"
Probe in Test

so uuon ~ .

Time (seconds)

FIG. 4 Respon se Test Graph of a 10 mglL Benzene Solu t ion An alyzed wi t h MIP Sys tem Coupled 10 a PIO Detector

6
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9.3.2 Prepare Response test standa rd so lution by add ing (he
appropriate volume of tile stock standard solution 10 0.5 liters
of clean water in a suitable measuring container (beaker or
graduated cyl inder). Example: 10 J-l L of a 50 mglm L concen
tration stock standard into 0.5 liters of water yields a I mgIL
working standard.

9.3.3 Pour the working standard into a nominal z -in . diam 
eter by 30-in. long PVC pipe that is plugged or capped at one
end. lmmediarely insert the stabilized r.IIP into the solu tion .
Lea ve the MIP in the test solution for 45 seconds. At the end
of 45 seconds, place the probe back in the cle an water. This
standard cannot be reused throughout the day. it must be made
fresh each time a response test is conducted.

9.3.4 Record the basel ine, in micro -VolIS, of each detector,
the maximum peak height obtained dur ing the test. and the trip
time observed on the data acquisition unit (Fig. -1- ) _ The trip
time is measured by liming the response of the detectors .
starting when the probe is placed into the response lest solution
and ending when the response is first recorded on the acquisi
tion unit. 111e peak height and base line data shou ld be recorded
digitally on the internal and/or ext emul storage dev ices. The
trip time is entered manually into the data acquis ition system
each time 10 account for ch ange in flow or length of truukline.

9..1- Probe Ad\,(lIIcemenf-After a successful response test.
posit ion the direct push machine over the cleared location and
anchor or level the machine as appropriate fo r the di rect push
machine being used for the logging operation. Place a split
drive cap o n the top of the rod s [Q ens ure the safety o f the
trunklinc asce nding out of the dri ve rods.

9.5 Attach the str ingpo t and all neccssary cab les 10 the
direct push machine and the dat a acqui sition system.

9 .6 Zero the depth of the MIP by driving the tip into the
subsurface aligning the mem brane with the ground surface.

9.7 Tum the trigger. located on the data acqu isitio n unit, to
the ON position. The data acqui sition system is now ready to
obtain data. Any downward movement will no w be recorded .

9.8 The MIP tool string is driven into the subsurface at a rare
in which the temperatu re o f the probe can Slay co nstant.
Typically Ihe probe is driven into the subsurface at I foot per
minute . Example: If 20 seconds is needed to adva nce the MIP
I foot, then a 40 second wait time should be used before the
MIP is ad vanced 10 tbc next interva l. Ad vance the probe to the
predetermined depth or until refusal. The rate of advancement
is import ant for the consistent diffu sion of co ntamin ants
throug h the membrane. Consistency of this d iffusion enables
comparison of depth intervals.

9.9 MIP logs are d isplayed on screen as the prob e is
advanced to depth. to. lI P data is stored and saved within the
acquisition unit eVCI)' 0.05 feet. Data points saved o n the
acquisition un it are all in refere nce to dep th from surface.
Detector data and litho logic data may be printed in the field for
on-site decision making (Fig . 5). Ot her data graphed versu s
dep th include rate of advancement . temperature of the probe.
and carrier gas pressure of the sySlem (Fig oJ.

9.9 .1 Record in the field notes any o bservations o f bore hole
irregul arities, pressu re differences of the carrier gas, tempera
ture fluctua tions and any detecto r anomalies.

9.9.2 The MIP should be advanced <I I a con sistent rate. Any
extended periods at a depth interva l can change the relative
response and should be recorded in the field notes.

9.10 Removal from the Subserfoce:

asee-cs

3.0080>

asee-ce

aooe-oe

r sce-cs i
, r.ccs-os ~,- •

e.cce-oo

1
c•- --r" •
j

MIP Log l.o.;;ll;on 13

Non-An ~HP PID log obtained <It a petroleum-contaminated site is graphed in the upper half of this diagram. Detector response in microvo lts (/lV,
is on the right (yj axis and F.c on the left with probing depth on the bottom oo axis . An increment of one foot per minute was used in the advancement
of the MtP probe with no contaminant encountered until the 17 ft depth interval. Significant PID response was observed at the 26-35 ft interval. Detector
response returned to baseli ne below the 45 ft interva l. An elec tricallog obtained during MIP probe advancement is shown graphed below the MIP-PID
detector results. Lower conductivity read ings (20-23 ft depth interval and 39-59 tt depth interval} indica te co arse grain units (for examp le, sand ) and
possible higher permeability zones. The elevated conductivity readings (5-16 f1 dep th interval and 23-3 1 ft depth intervals) indicate fine-grain units (for
example, clay) and lower perrueabiluy zones.

FIG. 5 MIP log

7
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NOTE-Rail' of Advancement, Temperature. and Pressure are other parame ters logged with the PIO "nd EC results of f ig 5. The rate of adv ancement
(top diagram) gives indicat ion of th... density of a materi al. The slower the rate (for example . 4~-45 fr dept h increment) imJicates a dense wile of materi..l.
The tempe rature graph (middle diagram ) is used to monitor the temperature of the membrane. The temperature graph is needed to ensure til", membrane
tempera ture stays consistent throughout the MIP push. ~1JP system pressure is graphed (lowe r diagram) to monitor carrie r gas ffuctuauons. l-iuctuatio ns
In pressure can change the trip time This change could cause the contaminant to be graphed at the wro ng depth

FIG. 6 MIP Log

9.10 .1 Before removing the MIP from the subsurface. pause
at the terminal depth for a period equal to three times the
measured trip time. This allows da ta from the final probe
position to be recorded to the appropr iate depth in the data
acquisition system.

9.10 .2 Set the trigger to the OFF pos ition and use the direct
push machine to remove the MIP from the subsurface. It may
be necessary to tum the heater off for removal if an elevated
amount of contaminant was encountered at the locat ion.
Turning off of the heater allows for cool ing of the membrane
and minimizes diffusion of the contaminant into the system
during removal.

9.10.3 Upon complete removal of the probe. clean the
membrane with water and a wire brush, tu rn on the heater. and
place the probe back into the clean water in preparation for
response testing with a newly prepared working standard.

9.lOA Record baseline readings and complete another re
sponse test as outlined ill Section S. Compare the results of the
response tests. noting any major differences in trip time or peak
response.

9.10.5 Properly abandon open borehole by grouting as per
Guide D 5299 .

10. Report

10.1 The following information should be included in the
field repon. Refer to the form in Appendix X I.

10.1.1 Facility name. location and site contacts.

JO. I .., Date and Ti me thc log is obtained,
10.1.3 MIP Contractor. l\IlP field techn ician and assistants.
10.1.4 File name of the /l. lI P logging location and depth of

final penetration.
[0.1.5 File name of the pre-log respon se test along with lest

compound used and concentration.
10.1.6 File name of the post-log respo nse test along with

test compound used and concentration,
10.1.7 Equipment used in the investigation Igu-, phase

detectors. flow rate and type of carrie r gas. probe serial
number, data acquisition unit. MIP controller. etc.), and

[0.1.8 Site and location specific information relevant to the
project. (for example , Petroleum UST. dry cleani ng shop .
dense till with cobbles, etc. ).

11. Precision and Bias

11. I Precisiol1 - Test data on precision is nOI presented due
to the nature of this test method. It is either not feasible or too
costly a t this time to have 10 or more agencies part icipate in an
In SHU testing program at a given site.

11.2 Bias-There is no accepted reference value for this test
method. therefore. bias cannot be determine d.

12. Keywords

12.1 CPT; direct push; electrical conducti vity; membrane
interface probe; MIP; soil investigations; voe; volatile or
ganic contaminants
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AI. RDIOVAL Al\"IJ RErLACE~lE !'I'T REQlJI RE;\IEl\T S rOR l\IIP 1\lE~ IBR.\:"oiES

A1.1 Introduction

Al. l. l This annex describes procedures and requirements
for remov ing and replacing the MIP membrane.

A 1.1.2 A membran e is operation al if the response test signal
(I-\ V) of a compo und is twice that of the baseline noise and if
the flow o f the syste m has ne t ch anged me re than 3 mUmi n
from the d OSL'd couple fl ow of the system

,.\1.2 Remova l of a Mem bra ne

A 1.2.1 Turn off the healer power switch and allow the block.
10 cool 10 500C or less.

A 1.2.2 Clean the heater block and probe to remove any
debris rhut may interfere with removal of the membrane o rclog
small gas port s in the block .

A \ .2.3 Remove the membrane with the mem brane wre nch
from the /\f IP service kit t Fig. A I. l ]. Keep the wrench parallel
to the probe while removing the membrane 10 ensure proper
engagement with socket head C<lp screw.

NOTE AI. i - Do not leave the membrane cavi ty 01X"1I for extended
periods of time. Debris can become lodged in the gas openings end affect
the 1I0w of the syst em.

A 1.~ .4 Remove and discard the copper washer. The copper
washer conforms to a membrane and may not seat with a new
membrane inserted.

A I .2.5 Inspect the open cav ity for any foreign particles.
Remove if necessary.

A I.3 Install a tion of Membr anes

A1.3.1 Insert the new copper washer into the cavity. Ensure
that the washer is sett ing flat 011 the ba -,e of the ca v ity.

A1.3.2 Install the new membrane by threading it into the
socket. Use the membrane wrench to tighten the membrane to
a snug fit.

A 1.3.3 As the membrane is being inserted into the socket, a
fl ow meter must be attached 10 the up-hole tubing to measure
the flow of the MIP system . A minimum tlow of 3 mUmin
diffe rence from the closed couple measurement is req uired to

ensure a proper seal. If a minimum flow of 3 mUmin is not
achieved, then more torque is applied to the membrane 10

further seal the membrane.

A 1.3.4 Run a respo nse test as per Section 8.

FIG. Al .1 Membrane Wrench Shown with Membrane Removed Exposing th e Sub -Memb rane Fitti ngs

9
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APJ'El"\DIX

{XlJllmandaIOr}" Information)

XL 1\IIP FIEI.D I~FORl\IATIO:X . 'ORJ\.I

SITE INFORMATION

Site Name

Locatio n Name

MIP Operator

MIP Contractor : _

INSTRUMENT INFORMATKlN

Detectors Used

Probe Type MP4S10

Probe SIN

LOG GING INFORMATKlN

MIP File Name

Pre-Log Response Tesl File Name

Respo nse Test Compound:

Trip Time (seconds)

Final Deptt1 oj Pen "t,a~on

Post Log Response Test F,le Name

Response Test Compound

Tnp Time (seconds)

OBS ERVATIONS

MP6S10

Coo cenlrat ion

ccoccrwaece . _

10- - -- - - - - -~ -
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MIP Output Explanation 
The following log was recorded on a gasoline-contaminated site and represents a typical look of the MIP system output.  The probe was 
advanced to 6.5’ BG without any delay, and then was driven further in the proper manner (drive 1 foot + wait 1 minute). 

 
Channel comments: 
Conductivity:  Units of measure are MilliSiemens per Meter (ms/M); three distinct high conductivity units were detected here: 7-10’BG, 15-
19’BG and 21-26’BG, representing sits and silty clays (remember, actual values are representative within a given geologic formation: silt in 
Florida may have different electric conductivity than silt in Massachusetts). 
Speed: [- of probe penetration]. Gives you a rough idea of how tight the formation is. There is still no reliable way to convert this into blow 
counts, mostly because actual speed depends a lot on operator’s style (and state of mood).  
Detector 1 (PID): Normally PID, although detectors can be swapped; units are micro Volts (uV) – represents voltage output from 
electrometer, correlating with contaminant’s concentration (remember, this channel does not show actual concentration, only detector 
output; you need to know the response factor and dilution factor to figure that out; so the easiest way to do it is to grab a representative 
sample and establish a correlation for a given site and given contaminant).  

Note that the detector output line consists of a number of spikes that represent advancement of the probe and related changes of 
contaminant transfer across the membrane. Additionally, light (and more volatile) compounds (such as benzene in case of gasoline plume) 
within the contaminant mixture go across the membrane faster that heavier compounds, creating a leading spike. The scale uses 
exponential format (also called ‘scientific notation’) to represent output values. 5E+6 means 5 x 10^6 (five times ten to the power of six), 
so it is 5,000,000 (micro volts). The scale is set to auto-scale by default, modifying the graph to fit the scale as detector response values go 
up.   

              
Detector 2 (ECD): Normally ECD, not monitored on this site.  Used when delineating chlorinated site. Detectors response is in the same 
units as Detector 1 channel.  The ECD detector generally is very stable except when entering the water table. Increased water vapor 
concentration causes the ECD’s baseline to drop at the groundwater interface. Additionally, the ECD’s baseline has a tendency to slope 
down as the probe is advanced deeper (noticeable when going below 50-60’ BG), as the amount of water going across the membrane 
increases with increasing pressure. The same is true for the PID detector, to a smaller extent. Since an in-line dryer was installed on the 

Here a low electric conductivity area (and 
consequently, higher hydraulic 
conductivity) coincides (not surprisingly) 
with a higher contaminant concentration 

These matching spikes on both detectors 
represent high concentration of light 
hydrocarbons (very likely to be BTEX from fresh 
gasoline). This also happens to be right at the 
groundwater interface. 

DSSC LOGGING SCALE

TEMPERATURE LOGGING SCALE
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ZEBRA’s MIP#1, the water vapor effects become less expressed, with the PID remaining largely unaffected by changes in water vapor 
concentration. This modification has been included as an SOP since 1999. 

 
Detector 3 (FID): Normally FID, same units as the Detector 1 channel. Remember that FID can detect light hydrocarbons, such as 
methane or butane, which are out of reach for the PID. You can have a really high response on Detector 2 channel with nothing on 
Detector 1. In such case the chances are that you’ve run into an area with anaerobic degradation processes present, or you have detected 
a presence of light gaseous hydrocarbons from some other source. The FID is not affected by water vapor concentration, so generally its 
response is not affected by entering the groundwater table. 

 
Temperature: Shows output of a thermocouple built into the MIP probe’s heating plate.  It is useful for monitoring system performance 
and for troubleshooting. Each time the probe is advanced to the next depth increment, the temperature graph goes down; as soon as the 
probe stopped, the temperature starts to go back up until further heating is inhibited by the heat absorption capacity of the formation (on 
the surface, the relay is set to shut off the heater once it reaches the temperature of 120 C). As per ZEBRA’s Standard Operating 
Procedures adopted on 10/25/00, the temperature should be allowed to reach 80 C (in the Low Sensitivity Mode), or to exceed the Boiling 
Point of the target compound (in the High Sensitivity Mode). The temperature channel is a highly useful quality control tool, as it is possible 
to check MIP operator’s adherence to an established logging protocol on each and every log: 

 

 

 
 
This is an example of a fairly consistent temperature graph. The log was performed a “clean” location, and the 
temperature was consistently maintained slightly above the target compound boiling point. 
 

PID

ECD

FID 
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In this example, the logging was not performed in adherence to the SOP. The log shows varying depth 
increments and varying temperatures. Although logging in this manner can be justified under certain 
conditions (such as during “DNAPL hunting” when finding a free-phase product is the primary goal), it 
produces less accurate results and the logs recorded in such manner should not be used for establishing 
correlation with analytical results or when looking for low concentrations of dissolved-phase chemicals. 
 
 
 Under certain conditions (particularly coarse sands), the temperature channel can be used to pinpoint the top of an aquifer – 
the temperature goes down with the probe advancement, but never comes back as high as it did above the water table: 
 

 
 
In this example, the water table was detected at 7’BG with the capillary fringe extending to 6’ BG. The probe 
temperature reading shows a decrease starting at 6’ BG as the moisture contents increases. 
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What exactly is happening at the Membrane?  
  
Understanding the processes that take place at the Membrane Interface is important for providing accurate interpretation of 
the MIP logging data. Unfortunately, detailed explanation is not available from the manufacturer of the MIP probes, so here 
we offer our interpretation of the physics behind MIP logging. 
 

 
 

The carrier gas pressure is maintained at 4 to 20 
psi on the inner side of the membrane. This 
prevents the water from breaking through the 
membrane by maintaining a pressure gradient 
across the membrane.  The presence of the 
gradient, however, is not interfering with the 
transfer of the VOC molecules across the 
membrane in a direction opposite to the pressure 
gradient. The reason is the mechanism of the VOC 
transfer: the VOC molecules are NOT transported 
by the flow of the gas diffusing through the 
membrane pores (since that flow is actually 
towards the outside of the probe); instead, they 
get absorbed into the hydrophobic matrix of the 
membrane (Teflon TFE) and get desorbed on the 
other side of the membrane, where they get 
picked up by the carrier gas flow. The movement 
of the molecules results from a concentration 
gradient instead of pressure gradient, much like in 
osmosis. 
 
The heating of the membrane increases the rate 
of the transfer, increases vapor pressure for VOCs 
present in the soil adjacent to the membrane, and 
volatilizes some of the compounds with low vapor 
pressures at the ambient temperatures. 
 
Based on our experience, semi-volatile compounds 
are also transferred across the membrane; 
however, they usually precipitate in the tubing 
above the membrane as the carrier gas cools 
down. The presence of heavier compounds inside 
of the tubing as a result of precipitation can create 
secondary hits when a lighter solvent is 
introduced, (thus the importance of a proper 
QA/QC and purging). 
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Log Interpretation 
 
 The interpretation of the logs below is based on confirmatory sampling and/or existing site data. 
 

1. “Clean” soil (below detection limit)  

 
 
 
“Clean” soils (clean as far as MIP is concerned) typically produce flat output logs, featuring no significant spikes or elevated 
areas. Remember that although the MIP’s detection limits are ~200 ppb for BTEX and ~100 ppb for Halogenated 
Hydrocarbons, even lower concentrations typically produce very uneven graph with lots of signal noise. 
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1. Diesel fuel – free product (LNAPL) 

 
 
 
 
 
 
 
 
The contamination here was diesel fuel, approximately 10-year old spill. A flat line in the free product zone indicates detector 
saturation at a given Range/Attenuation setting.  Based on our experience, PID saturation at Range 1/Attenuation 10 setting 
(unit-specific setting for ZEBRA’s MIP#1) and FID saturation at the Range3/Attenuation 8 setting is an indication of the 
presence of a free-phase petroleum hydrocarbons. 
 

Flat elevated sections of 
the graphs indicate 
detector saturation at a 
given Range/Attenuation 
setting 

LNAPL 
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2. Petroleum – vapor phase 

 
 
This log was recorded in weathered shale, adjacent to pump islands at a gas station. The probe hit refusal at 7’ BGS. 
The terminal depth here was high above the static water table. The detector response was caused by gasoline vapors 
present in the subsurface, above the free-phase gasoline at a lower depth. Remember that FID will detect methane 
and other light hydrocarbons thus sometimes causing discrepancy between PID and FID readouts. 
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3. Petroleum – dissolved phase 

 
 
 
 

     Dissolved Contamination Zone 
 
Dissolved petroleum hydrocarbons can be reliably detected by the MIP system at concentrations of 200 ppb and 
above; dissolved phase halogenated solvents have been consistently detected at concentrations as low as 13 ppb 
(using ECD) 
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4. Petroleum: “smear “ zone + Salt water intrusion 
 
 

Salt Water Intrusion 
 
 
 
 

 
 
 
 
 
 
 
A smear zone is usually represented by heavier components of the hydrocarbon plume which remain attached to soil 
particles after the bulk of the product has been moved, typically by tidal fluctuations or other groundwater table 
elevation changes (including within the cone of depression adjacent to a recovery well). 
 

Static water 
table Smear zone 

A smear zone can be above or below the water 
table, or both in some cases. 
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5. Heavy petroleum, weathered 
 

 
 
Here Detector 1 is the PID and Detector 2 is the FID. This log has been recorded on a site with a very deep water table. The 
contamination present is primarily Semi-VOCs in low concentrations. Note that the FID provides a better response. What the 
FID is actually picking up is not the semi-volatile compounds themselves, but rather by-products of their disintegration: light 
hydrocarbons, e.g. ethane, methane, etc. 
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6. Halogenated solvents – dissolved (low concentration) 

 
 
 
 
 

 In this case, Detector 1 is the PID and Detector 2 is the ECD. Low (less than 300 ppb total) concentrations of 
chlorinated hydrocarbons are represented by a raised section of the Detector 2 graph. 

Detector Baseline 
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7. Halogenated solvents – dissolved (high concentration) 
 

 
 

This log was recorded with the same detector arrangement as the log above and Chlorinated VOCs concentrations in 20-40 
ppm range. Note very low response on the PID channel as the Photo Ionization Detectors are far less sensitive to 
Halogenated compounds than Electron Capture Detectors. 

 

8. Halogenated solvents - free phase product (DNAPL) 

 
 
At this location a free-phase Freon (in the DNAPL form) was collected at the 56-58’ interval during subsequent confirmatory 
sampling. Note that the PID (Detector 1) has an extremely weak response to Freon’s. 
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9. MTBE [byproducts] 

 
 
The above log represents the MIP system response on an old MTBE site. Previous sampling data at this site show maximum 
concentrations of MTBE in the range of 500 ppb and total BTEX below detection limit. As ZEBRA we had performed two MTBE 
projects; unfortunately, data on correlation between the MIP and analytical results were very scant or not available. More 
research has been conducted in laboratory conditions to determine and establish a correlation between MIP detectors’ 
response and actual concentrations of the MTBE.  We have conducted over 15 site were the p 
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Anomalies 
Here are some additional comments on several types of abnormalities frequently found in the MIP logs: 
 

1. Sloping PID and ECD baseline:  
     
                

 
 
 
 
 

PID and ECD output is affected 
by water vapor concentration in 
the carrier gas, which has a 
definite quenching effect. For 
that reason PID and ECD 
baseline (‘zero’ line) in dry soil 
is higher than in the soil with a 
high moisture contents. 
Other possible causes may 
include elevated concentrations 
of VOCs in ambient air on the 
surface (caused by vehicle 
exhaust, etc.) or insufficient 
probe or wiper plate cleaning 
after a previous logging 
location.  
 

Although MTBE by itself 
was initially believed to 
be very difficult to 
detect using the MIP 
system, simulated field 
tests to detect lab 
grade MTBE has 
demonstrated that the 
MIP can detect MTBE, 
but it has not been 
determined as to what 
exactly the MIP is 
detecting.   

MTBE Log (FEB 
PID

FID

ECD
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2. Elevated sections of a baseline (PID, ECD or FID): 
 

The MIP system has two controls where signal Range/Attenuation can be changed: one on the GC detector controller 
and the other one built into the data acquisition software. 
 
The first one (Range) is incremented as a power to which the factor 2 is raised, e.g. Range 3 makes the multiplication 
factor 8 (2^3). The other one (Attenuation) is expressed as a multiplier, e.g. 8. If for any reason those two settings 
don’t match, a detector output gets multiplied or divided by whatever difference in Range/Attenuation resulted from 
the error.  

 
In the example below, at 2’ BG the Range setting on FID detector was changed without a corresponding change of 
Attenuation setting on the software. Later, at 10.2’ BG, the error was corrected.  
NOTE: certain soil contamination patterns, such as “smear zones”, can produce similar logs. The only sure way to 
distinguish between the two is to check the ‘.inf’ file for the location, which contains, among other information, a 
record of changes made to the Attenuation setting. 
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3.”False hit” – a sharp spike with immediate drop below baseline 
 
A rare problem caused by a breakthrough of liquid water across the membrane, either due to mechanical failure of 
the membrane, or water being forced across the membrane due to a very high pore pressure, without any physical 
damage to the membrane.  
 
The mechanical failure typically occurs while pulling the rods from the ground (due to the probe configuration) and 
usually does not get recorded in the log.  The second can happen while logging in clays at depth exceeding 50’ BG. 
In both cases, in order to distinguish between equipment malfunction and a true hit, it is important to remember that 
a true hit of contaminants will have at least some carryover effect. If you are looking for PCE and at 80’ BG you get a 
sharp spike that immediately goes back to zero – IT CAN NOT BE PCE.   
 
The only exceptions are:  FID response to methane above the water table, and PID response to a vapor phase 
gasoline in highly porous soils. In both instances, the spikes occur at shallow depth and typically are being repeated 
several times. 
 
Below are some examples illustrating this topic: 

 

 
 
 
 
 
This is an example of a water breakthrough due to a very high pore pressure. 
 
 

Water breakthrough
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The example below shows what a DNAPL would look like at a similar depth: 
 

 
 
 

4. Double-lines 
    
The MIP System Controller is reading data within a very small pre-set time interval, and records the highest and the lowest 
reading within that time interval. That produces two sets of data for each depth increment (.05 foot). The data acquisition 
software plots both lines simultaneously. The vertical scale on the software is set by default to auto-scale, so when the 
detector response magnitude is small (for example, when dealing with very low concentrations of contaminants), it is 
common to see “double-lines” on detector output, as in the example below: 
 
 
 

 
 

DNAPL
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MIP Response on BTEX Sites 
 
Below are some preliminary results of comparison of MIP data to lab analysis results. The sites 
were typical gas stations, contamination – gasoline.  
 
1.                  Baseline         

          
 
          Sampling Interval 
 
Refer to the scale on the left to assess response magnitude. The graph uses auto-scaling, 
effectively shrinking the scale as detector response increases. 
 
Analysis results: 
 
PAH  - ND 
TPH  - ND 
Benzene   - 332 ppb 
Ethyl benzene- 118 ppb 
MTBE  - 499 ppb 
(List incomplete) 
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2. 
 
  

 
Sampling interval 

 
 
Analysis results: 
 
PAH  - ND 
TPH  - ND 
Benzene   - 177 ppb 
Ethyl benzene- 279 ppb 
Toluene - 638 ppb 
(List incomplete) 
 
 
 
 
 
 



MIP Operations Manual 2007 
 

© DSD – A Division of  Precision Assessment Technology Corporation 
 

  

 …there is a better way… 63  of 84 

 

 
3. 
 
 

 
         Sampling Interval 
Analysis results: (ppb)     
 
Benzo pyrene  - 89.5  
Benzo (a) anthracene - 114  
Benzo (b) fluorenthene- 86.2  
Chrysene  - 102  
Fluorenthene  - 254  
Naphthalene   - 512  
2-methyl naphthalene - 773  
Phenanthrene  - 112  
Pyrene   - 241 
TPH   - 438 
Benzene  - 2,530  Carryover by sampling equipment from  
Ethyl benzene  - 15,000 previous depth intervals is suspected 
Toluene  - 36,000 
Xylene   - 95,300 

Please note a high 
concentration area that is 
masking the MIP response at 
the sampling interval by 
compressing the scale.  
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4. 
 

       
 

Sampling interval 
 

Flat line indicates detector saturation, meaning 
conditions close to free phase product (NAPL or 
product globules) 

Analysis results:  (ppb) 
 
Benzene  - 2,610 
Ethyl benzene  - 3,080 
Toluene  - 12,000 
Total Xylenes  - 15,500 
Total BTEX  - 33,190 
MTBE   - N/D 
Total Naphthalene’s - 6,280 
TPH   - 1,260 
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5.    
 
 

        Sampling interval 
 
This elevated baseline section does not reflect contamination, but shows the operator’s initial mistake of 
attenuation mismatch between detector and the data acquisition software. The mistake was corrected at 5’ 
BG. 
 
Analysis results:  (ppb) 
 
Benzene  - 292 
Ethyl benzene  - 110 
Toluene   - 185 
Total Xylenes  - 505 
Total BTEX  - 1,093 
MTBE   - N/D 
PAHs   - N/D 
TPH   - N/D 
 
The samples were collected immediately below an area with significantly higher concentrations of BTEX. Current 
discrete sampling technology does not completely eliminate the possibility of cross-contamination at such 
conditions. As a result, the chances are that the MIP output gives us more accurate information, indicating 
somewhat lower BTEX concentrations that sample analysis does (compare to examples 1. and 2. above). 
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6. 
 
                

 
 
      Sampling Interval 
 
Elevated Baseline (attenuation error)  
 
Analysis results:  (ppb) 
 
Benzene  - 332 
Ethyl benzene  - 118 
Toluene  - 123 
Total Xylenes  - 248 
Total BTEX  - 821 
MTBE   - 499 
PAH   - N/D 
TPH   - N/D 
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7. 
 

        
 
Sampling Interval 

 
 
Analysis results:  (ppb) 
 
Benzene  - 2.3 
Ethyl benzene  - 26.2 
Toluene  - N/D 
Total Xylenes  - 14.5 
Total BTEX  - 43 
MTBE   - N/D 
PAH   - N/D 
TPH   - N/D 
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A. Previously cored or pre-p robed hole with sloughed soil.

B. Me Piston Rod Sampler driven through slough to top of sampling interval.

C. Removing stop-pin and piston rod to release po int assembly.

D. Me Piston Rod Sampler driven to collect representative soil core.
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1.0 OBJECTIVE

The objective of this procedure is to collect a representative soil sample at depth and recover it for visual
inspection and/or chemical analysis.

2.0 BACKGROUND

2. 1 Definitions

Geoprobe@*: A brand name of high quality , hydraul ically-powered mach ines that utilize both static force
and percuss ion to advance sampling and logging too ls into the subsurface.
* Geoprobe" is a registered trademark of Kej r, Inc., Salina, Kansas

Macro-Cere" Soil Sampler* : A solid barrel, d irect push device for collec ting continuous core samples of
unconso lidated materials at depth. Although other length s are available, the standard Macro-Cores' Sample r
has an assembled length of approximately 52 inches (1321 mm) with an outside diameter (0 0 ) of 2.2
inches (56 mm). Co llected samples measure up to 1300 ml in volume in the fonn of a 1.5-inch x 45-inch
(38 mm x 1143 mm) core contained inside a removable liner. The Macro-Core" Sa mpler may be used in an
open-tube or closed-point configuration.
* Macro-Core" is a registered trademark of Kej r, Inc., Salina, Kansas

Liner : A removable/replaceable, th in-walled tube inserted inside the Macro-Co re" sample tube for the
purpose of cont aining and storing so il samples. Whi le other lengths are available, the standard Macro
Corev Liner is 1.75 inches OD x 46 inches long (44 mm x 1168 mm). Liner materia ls incl ude stainless
stee l. Teflon", PVC. and PETG.

2.2 Discussion

In this procedure, an assembled Macro-Core" Soil Sampler is driven one sampl ing interval into the subsurface
and then retrieved using a Geoprobe so il probing mach ine. The collected so il co re is rem oved from the
sampler along with the used liner. After decon, the Mac ro-Core@sampler is reassem bled using a new liner.
The clean sampler is then advanced back do wn the same hole to co llect the next so il core. The Macro
Core" Sampler may be used as an open- tube or closed -point sampler.

The Macro-Core" So il Sampler is most commonly used as an open -tube sampler (Fig. 2.1A) . In th is
configuration, coring starts at the gro und surface with a sampler that is ope n at the lead ing end. The
sampler is driven into the subsurface and then pulled from the ground to retrieve the first so il core . In stable
soils, an open-tube sampler is advanced back down the same hole 10 co llect the next core.

In unstable soils which tend to collapse into the core hole, the Macro-Core" Sampler can be equi pped with
a piston rod point assembly (Fig. 2.1B). The point fits firmly into the cutt ing shoe and is held in place by a
piston rod and stop-pin. The Me Piston Rod Syste m prevents co llapse d soil from entering the sampler as
it is advanced 10 the bottom of an existing ho le. thus e nsuring co llec tion of a reprentat ive sample.

The Macro-Core" Piston Rod Samp ler is not designed 10 be driven through undisturbed soil. A probe hole
must be ope ned above the sam pling interval either by removing continuous soil cores with an open-tube
sampler, or by advancing a Macro-Core" Pre-Probe to depth.

Once a hole is opened 10 the app ropriate depth . an assembled rvtC Piston Rod Sampler is advanced through
any slough material to the top of the next sampling interva l. Ex tension rods are inserted throu gh the probe
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rod string and threaded onto the MC Stop-Pin Assembly. When unrbreaded, the stop-pin is removed from
the too l string with the extension rods. (MC Piston rod is removed with stop-pin if MC Stop-Pin Coupler is
utilized). W ith the point assembly now re leased. the tool string is driven into the subsurface to fill the
sampler with soil. The point assembly is later retr ieved from the sampler with the liner and soil core.

Loose soils may fall from the bottom of the sampler as it is ret rieved from depth . The MC Core Catcher
(Fig. 3.1) allevi ates this problem. Excellent results are obtained when the core catcher is used with saturated
sands and other non-cohesive soils. A core catc her should not be used with tight so ils as it may actually
inhibit sample recovery. Constructed of PVC . the core catcher is suitable for use with all Geoprobe liners.

MC Slop-Pin Assembly

Me Drive Head

MC Sample Tube

MC Lner (Inside)

MC Spacer Ring

MC Cutting Shoe

MC Stop-Pin Coupler

MC Piston Rod

Me Piston Rod
Point Assembly

A. Open-Tube System B. Closed-Point System

Standard O perating Proced ure

FIGU RE 2.1

Macro-Core@Soil Samp ler Configurat ions
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MC Drive Head
(AT8510. AT85 12,

MC9036) -8 a it
MC Sample Tube

(AT8220. AT8320. AT8420 ,
AT8520 . AT8522 . MC4899)

OJ-

MC Extension Rod
Quick Link Con nector
(MC9754)

MC Stop-P in Assembly
(MC1 0069)

MC Stop-P in Coupler
(MC90 16)

Me Combinat ion
Wrench

(AT8590)

o

Me Piston Rod
- (MC9038, MC10727,

MC1 0728 , MC10729, MC10732)

Me Core Catcher _ ~
(AT8531K)

MC Spacer Ring _ ~

(AT8532K)

MC Cutting Shoe
(AT8530 , AT8535,
AT8537, MC9034)

- 8 8 0 Q
FIGURE 3. 1

Macro-Core@Soil Sampler Parts

MC Piston Rod
Point Assembly
(MC 10068)
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3.0 REQ UIRED EQUIPMENT

The following equipment is used to recover samples using the Geoprobe Macro-Core" So il Sampler and probing
system. Although many options are available (sampler length, liner material, etc.) , the basic sampler conf iguration
does not change. Refer to Figure 3. 1 (prev ious page) to view the major co mponents of the Macro-Cores' sampler.

MACRO.CORE@SAMPU:R PARTS

Me Dri ve Head, for use with I.O-inch probe rods
Me Drive Head, for use w ith 1.25-inch probe rods
Me Sample Tube , za-mch. unplated
Me Sa mple Tube , 36- inch. unplatcd
Me Sample Tube . l -meter, unplated
MeSample Tube, 48-inch, Ni-plaled
Me Sample Tube , 48-inch. unplated
Me Sampler Tube, 6O-inch, unpla ted
Me Cutt ing Shoe. standard
MeCutting Shoe , heavy-duty
M e Cutt ing Shoe , 0.125 inches undersized
MC Com binat ion Wrench
Nylon Brush for MC Sample Tubes

~L\CRO_COIU.4 PISTON ROD SYSTEM PARTS

O-Rings for MC Stop-Pin (pkg. o f 25)
O-Rings for MC Piston Rod Po int (pkg. of 25)
MC Sto p-Pin Coupler (pkg. of 5)
MC Cutt ing Shoe. for use with pis ton rod po int
MC Drive Head, for use with 1.25-inch probe rods and stop-pin
MC Piston Rod, 48-inch
MC Extension Rod Quick Li nk Connector
MC Piston Rod Point Assem bly
MC Stop-Pin Assembly
MC Piston Rod/Stop-Pin Ass embly, 48-inch
MC Piston Rod, 6O-inch
MC Piston Rod, 36-inch
MC Pisto n Rod, 24-inch
MC Piston Rod, I-meter
MC Piston Rod/Stop-Pin Assembly. 6O-inch
MC Piston Rod/Stop-Pin Assembly, 36-inch
MC Piston Rod/Stop-Pin Assem bly. 24-inch
MC Piston Rod/Stop-Pin Assembly, t -meter
MC Quick Link Kit

PART NU1>18Jo:R

AT8510
AT85 12
AT8220
AT8320
AT8420
AT 8520
AT8522
MC4889
AT8530
AT8535
AT8537
AT8590
BU700

PART l'Ul\m ER

AT6312R
DT4070R
MC9016
MC9034
MC9036
MC9038
MC9 754
MC I0068
MC I0069
MC I0070
MC I0727
MC I0728
MC I0729
MC I0732
MC I 1881
MC I2028
MC1 2029
MC I2030
MC I213 1
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MAC RO_CORE<tl U :\'ERS AI'''D ACCESSORIES

MC Stainless Steel Liner Assembly, 48-inch
MC Teflon&Liner Assembly, 48-inch
MC PETG Liner, thin-wall, ax-inch, (box of 66)
MC Vinyl End Caps (66 pair)
MC Heavy-Duty PETG Liner Assembly, 48-inch (box of 66)
MC PVC Liner Assembly, clear, 24-inch (box of 66)
MC PVC Liner Assembly, clear, 36-inch (box of 66)
MC PVC Liner Assembly, clear, l -meter (box of 66)
MC PVC Liner Assembly, clear, 48-inch (box of 66)
MC Liner Cutter Kit
MC Liner Cutting Toot-
MC Liner Cutter Holder-
MC Liner Cutter Blades (pkg. of 5»
MC Liner C ircular Cutting Tool
MC Core Catchers (pkg. of 25)
MC Spacer Ring s (pkg . of 25)
MC PVC Liner Assembly , clear, 6O-inch (box of 66)

GEOI'ROBE TOO LS U

Drive Cap, for use with 1.25-inch probe rods
Slotted Drive Cap, for use with 1.25-inch probe rods
Pull Cap, for use with 1.25-inch probe rods
Probe Rod, 1.25 inches x 36 inches
Probe Rod, 1.25 inches x I meter
Probe Rod , 1.25 inches x 48 inches
Probe Rod, 1.25 inches x 60 inches
MC Pre-Probe, 2- inch 0 0
MC Pre-Probe, 2.5-inch 00
MC Pre-Probe, 3-inch 00
Extension Rod, 36-inch
Extension Rod, 48-inch
Extens ion Rod, t -merer
Extension Rod Coupler
Extension Rod Handle
Extension Rod Quick Links
Machine Vise

ADDITIONAL TOOLS

Combi nation Wrench, In -inch (or) Adjustable Wrench
Pipe Wrenches (2)

PART ~U:\lB":R

AT7235
AT724
AT725K
AT726K
AT825K
AT922K
AT92 3K
AT924K
AT925K
AT8000K
AT80 10
AT8oo0
AT8030
AT8050
AT853 1K
AT8532K
11984

PA RT :"i"UMBF:R

AT I200
ATI202
ATI204
AT I236
ATl239
ATl 248
AT1260
ATI 247
AT I242
AT I252
AT67
AT67 I
AT675
AT68
AT69
AT694K
FA300

"The items are included in the MC Liner Culler Kit ( AT8000 K).
u Geopro be tools and accessories ar e also avai lable for use with t .O-inch OD (outside- dia meter ) probe rods .
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4.0 OPERAnON

Size and material options have resulted in an extensive list of Macro-Core" part numbers. To simplify the
instructions presented in this document, part numbers are listed in the illustrations only. Refer to Pages 6 and 7
for a co mplete parts listing.

4.1 Decontamination

Before and after each use, thoroughly clean all parts of the soil sampling system according to project
req uirements. A new, clean liner is recommended for each sample if using PETG. PVC. or Teflon" liners.

Stain less Steel Liners from Geo probe Systems are cleaned at the factory with an ag itated detergen t bath at
a temperature of approximately 180 degrees F. After rinsing with 180-degree tap water, the liner is air
dried, wrapped in PVC outer cladding. and capped with vinyl end caps.

Thoroughly clean the sampler before assembly. not only to remove contaminants but also to ensure correc t
operation. Dirty threads complicate assembly and may lead to sampler failure. Sand is part icularly
troublesome as it can bind liners in the sample tube resulting in wasted time and lost samples.

4.2 Field Blan k

It is suggested that a field blank be taken on a representative sample liner prior to starting a project and at
regular intervals during extended projects. Liners can become contaminated in storage. A field blank will
prove that the liners do not carry contaminates which can be transferred to soil samples. The following
infonnati on is offered as anexample method which may be used to take a field blank. Make the appropriate
modifications for the specific analytes of interest to the investigation.

Sxample Procedure:
REQUIRED EQUIPMENT

......................... ( I )

. (2)
(100 ml)

( I )

MC Liner .
MC Vinyl End Caps ..
Distilled Water .
VOA Vial (or other appropriate sample container)

1. Place a vinyl end cap on one end of the liner.

2. Pour 100 milliliters of distilled water (or other suitable extracting fluid) into the liner.

3. Place a vinyl end cap on the open end of the liner.

4. From the vertical position, repeatedly invert the liner so that the distilled water contacts the entire inner
surface. Repeat this step for one minute.

5. Remove one end cap from the liner, empty contents into an appropriate sample container, and cap the
container.

6. Perform analysis on the extract water for the analytes of interest to the investigat ion.
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4.3 Open-Tube Sampler Assembly

lao (With I\IC Core Catcher) Place the open end of an MC Core Catcher over the threaded end of an MC
Cutting Shoe as shown in Figure 4.1. Apply pressure 10 the core catcher until it snaps into the machined
groove on the cutting shoe.

NOTE: AT725K (thin-wall PETG) liners have a swedged end which is generally slipped directly
over the groove in the cutting shoe (Fig . 4.2). To use a core ca tcher with these liners, cut
approximately 0.25 inches (6 mm) of material from the swedged end of the liner and proceed
to Step 2.

tb. (Without I\IC Core Ca tche r) Push the base of an Me Spacer Ring onto the threaded end of a cutting
shoe until it snaps into place (Fig. 4.3).

NOTE: With the exception of AT-725K (thin-wall PETG) liners, all liners must utilize either a
spacer ring or core catcher. PETG liners have a swedged end which slides directly over th e end
of the cutting shoe . Attach the liner to the cutt ing shoe (Fig . 4.2) before proceeding to Step 2.

~_ MC Core Catcher o MCThin-W~1 ~_ MC Spacer Ring
- PETG Liner

(AT8531K) (AT725K)
(AT8532K)

~ ~ ~t!J Me C""ing srce c:] MC C,Wng srce t5 MC C""iog srce
_ (AT 8530. AT8535, (AT853O. AT8535,

_ (AT8530. AT8535.

AT8537. or MC9034) - AT8537, or MC9034)
AT8537,orN«:9034)

(AT8535 shown) (AT8530 shown)
(AT853 shown)

{1ffi\' J ' I
Me Core Catcher Swedged PETG MC Spacer Ring
Attached to Liner Attached Attached to
Me Cutting Shoe { to MC Cutting Shoe MC Cutting Shoe

FIGURE 4.1 FIGURE 4.2 FIGURE 4.3

Core Catcher Attachment Thin-Wall Liner Attachment Spacer Ring Atta chment
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Refer to Figure 4.4 for identification of sampler pa rts and assembly sequence

2. Thread the cutting shoe into one end of an MC Sample Tube (Fig. 4.5). Tighten shoe with MC
Combination Wrench (Fig. 4.6) until end of sample tube contacts machined shoulder of cutting shoe.

3. Insert a liner into the opposite end of the sample tube (Figure 4.7). The liner is all ready installed if
using thin-wall PETG liners (ATI25K) without an MC Core Catcher.

4. Thread an MC Drive Head into the top of the sample tube (Fig. 4.8) and securely tighten with the MC
Combination Wrench (Fig. 4.9). Ensure that the end of the sample tube contacts the machined shoulder
of the drive head.

Sampler Assembly is Complete.

MC Drive Head

(AT8510 AT85~ ~ ~ ~C9036) \ .

,~

Me Sample Tube
(AT 8220, AT8320, AT8420.
AT8520, AT8522,or 4899)

MC Liner
(AT7235, AT724 , AT725K.
AT825K. AT922K.AT923K.
AT924K. AT925K, or 11984)

, < ,

~ MC C, W" , Sh~ : T8530. AT8535. AT8537. or MC9034)
WIthMC Core Catcher (AT8531K, shown]
or Me Spacer Ring (AT·8532K)

FIGURE 4.4
Macro-Ccrev Open-Tube Sampler Assembly
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Figure 4.5. Th re ad an MC Cutt ing Shoe (shown with MC
Core Catche r) int o either end of a MC Sample Tube.

Fi~ure 4.7. Insert liner into opposite end of
~IC Sample Tu be.

Figure 4.6. Tighten MC Cutting Shoe with J\.I C Combination
Wrench.

Figure 4.8. Th read MC Drive Head into top
of MC Sam ple Tube.

Figure 4.9. Tightt'n Me Drj ve Head with MC Combination Wrench. A vise is often used to
hold the MC Sam ple Tube du rin g this step.
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4.4 Stop-Pin Coupler

The Stop-Pin Coupler attaches the Stop-Pin to the Piston Rod (Fig . 4.10). When con nected toget her. these
three parts fonn the Stop-Pin/Piston Rod Assembly. All three items may be ordered e ither indi vidually or
together as one complete assembly. Refer to Section 3.0 for spec ific assembly and item part numbers.

II is not always necessary to use the stop-pin coupler with the MC Piston Rod System. The cou pler allows
the piston rod to be remove d from the sampler along with the stop-pin so that sample recovery is not
hindered by the weight of the piston rod. If you find that recovery is not a problem with the formation you
are sampling (such as clays), do not use the stop-pin coupler.

If sam pling in foonations where sample recovery may be a problem (such as loose sands). the stop-pin
coupler is highly recommended . Removing the piston rod with the stop-pin significantly reduce s the amount
of tooli ng weight that the soil core must support as the sampler is dr iven. Sa mple compression is a lso
reduced when the stop-pin co upler is utilized.

Instructions for connecti ng the stop-pin cou pler to the stop-pin and piston rod are give n be low.

1. Hold a piston rod in vertical posit ion with leading en d resting on a solid surface.

2. Place a Stop-Pin Coupler on top of the Piston Rod and tap with a hammer to seat (F ig. 4 .11).

3. Snap a Stop-Pin into the coupler using a hammer or 12-inch probe rod and drive cap (Fig. 4.12).

MC Stop-Pin Assembly
(MC10(69)

Top of MC Piston Rod

[ (MC9038)

FIGURE 4.10

MC Sto p.Pin Couple, Attaches MC Sto p-Pin to MC Piston Rod
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[l]
I

Place coupler on piston rod and
tap with hammer to seat .

Snap slop-pin into coupler with
hammer or 12" probe rod and
drive cap (shown).

FIGURE 4.11

Tap Stop-Pin Coupler onto Piston Rod
FIGURE 4.1 2

Tap Stop-Pin into Coupler with Probe Rod

" .5 M e Pis ton Rod Sa mpler (closed-point system) Assembly

The Me Pi ston Rod Syste m seals the lead ing end of the sampler w ith a point assembly that is he ld in place
with a piston rod and stop-pin. Once advanced to the top of the sampling interval, the stop-pin is removed
with extension rods that are inserted down through the probe rod string. The piston rod will be extracted
along with the slop- pin if a sto p-pin cou pler was used . Refer to Section 4.4 for help in det erminin g when a
stop-pin coupler is needed.

NOTE : The Me Piston Rod System requires an ~lC9036 MC Drive Head and an MC9034 MC
Cutt ing: Shoe . No other Macro-Core" drive heads or cutting shoes are compatible with this system.
The larger l.25-inch OD Probe- Rods are also required to operate Me Piston Rod System.

1. Install an O-ring in the machined groove on the piston rod point (Fig. 4.13). Lubricate the O-r ing with
a small amount of deionized water.

O·Ring

(OT407OR)~_

MC P"t~ Rod J1LV gJ
Point Assembly

(MC10068) MC Cutting Shoe
(MC9034)

Piston Point Correctly
Installed in Cutting Shoe

FIGURE 4.13

Installation of MC Piston Rod Point Assembly in MC Cutting Shoe
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2. Push the piston rod point completely into the cutting shoe as shown in Figure 4.13.

3a. (With MC Core Catcher) Place the open end of a core catcher over the threaded end of the cutting
shoe as shown in Figure 4.14. Apply pressure to the core catcher until it snaps into the machined
groove on the cutting shoe.

NOTE: AT725K (thin-wall PETG) liners ha ...'e a swedged end that is slipped directly over the
groove in the cutting shoe (Fig. 4.15). To use a core catcher with these liners, simply cut
approximately 0.25 inches (6 mm) of material from the swedged end of th e liner and continue to
Step 4.

3b. (Without Core Catcher) Push the base of an Me Spacer Ring onto the threaded end of the cutting
shoe until it snaps into place (Fig. 4.16).

NOTE : With the exception of AT725K (thin-wall PETG) liners, all liners must utilize either a
spacer ring or core catcher. Thin-well liners have a swedged end which slides directly over the
end of the cutting shoe. If using thin-wall liners, attach the liner to the cutting shoe (Fig. 4.15)
before proceeding.

MCCoreC3tcher _~
(AT8531K) !

MC Cutting Shoe
(AT 8530, AT8535.

AT8537. or MC9034 ) -~::::::~-}
(AT6535 shown) ,

MCThin-Wall
PETG Liner 

(ATI25K)

Me Cutting Shoe
(AT6530 , AT6535 ,

AT6537, o r MC9034)
(AT8530 shown)

o
~

MCSpacerRing _~
(AT6532K ) J

Me Cutt ing Shoe
(AT8530, AT8535 .

AT8537.or~9034)

(AT853 shown)

MC Core Catcher
Attached to 

MC Cutting Shoe F=='1

FIGURE 4.14

Core Catcher Attachment
With Point Assembly

Standa rd O perating Proce dure

Swedged PETG

Liner Attached - ""~=~
to MC Cutting Shoe r

fiGURE 4.15

Thin-Wall Liner Attachment
With Point Assembly

Page 14

MC Spacer Ring

Attached to -""==='1
MC Cutting Shoe t-

fiGURE 4.16

Spacer Ring Attachment
With Point Assembl y
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MC Drive Head

, , (Me9036J}>
MC Sample Tube

(AT 8220, AT8320, AT8420,
AT8520, or AT8522)

MC Piston Rod/Stop-P in Assemby
(Mel0070. MC1188 l . MC12028,
MC12029 , or MC l2030)

\

' <, ' MeW".'
MC Cutting Shoe (AT7235, AT724, AT725K .
(MC9034) and AT825K, AT922K, AT923K.
MC POint Assembly AT924K or AT925K)
(MC 10068) ,
Shown With Me Core catcher (AT8531K)

FIGU RE 4.17
Macro-Core@Closed-Point Sampler Assembly

Refe r to Figure 4.17 for identification of sampler pa rts and assembly seq uence

4. Thread the cutting shoe (with point) into one end of an MC Sample Tube. Tighten until the end of the
sample lube contacts the machined shoulder of the cutting shoe.

5. Insert an appropriate MC Liner into the sample lube (Fig. 4 .18). The liner is all ready installed if using
thin-wall PETG liners wi thout a core catcher.

6. Thread an MC Drive Head into the top of the sample tube (Fig. 4.19) and securely tighten with the
combination wrench (Fig. 4.20) unti l the end of the sample tube contacts the machined shoulder of the
drive head .

(continued on Page 16)
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Figure 4.18. Insert liner into opposite
end or MC Samp le Tube.

Fig ure 4.19. Thread MC Dri ve Head
int o top or MC Sample Tube.

Figure 4.20. Tighten MC Drive Head with M C Combination Wre nch. A vise is
orten used to hold the Me Sample Tube during this ste p.

7. Insert an MC Piston Rod/Stop-Pin Assembly through the drive head until the stop-pin threads contact
the top of the drive head (Fig. 4.21). Ensure that an O-ring has been placed on the stop-pin.

The leading end of the piston rod may hangup on the core catcher during assembly. When this happens,
raise the assembly 6-8 inches above the core catcher and then allow the assembly to fall back down
into the sampler. Th is should allow the piston rod to pass through the fingers of the core catcher.

Note: The MC Stop-Pin Coupler may be omitted under certain sampling conditions. Refer to Sect ion
4.4 for information regarding when a coupler is needed and instruct ions for coupler installation.

8. Thread the stop-pin into the drive head (left-hand threads) with an adju stable or JI2· inch combination
wrench. Fully tighten the stop-pin and then back it off slightly (-1 0 degrees). This avo ids locking the
stop-pin threads and allows it to later be unthreaded from the ground surface with extension rods.

Sampler Assembly is Complete.
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Always use O-ring

Stop-pin positioned to engage
internal threads of d rive head

Stop-pin coup ler is cctcoer
(see Section 4.4)

Piston rod passes
through core catcher

Piston rod fits into hole
in point assembly

Tighten stop-pin compl etely
then backoff - 10 degrees

Point assembly held tightly in
cutting shoe by pistoo rod

FIGURE 4.2t

Me Piston Rod/Stop-Pin Assembly
Installs Through MC Drive Head

4.6 Pilot Hole

FIGURE 4,22

Thread MC Stop-Pin tachment with Piston
Assembly

A pilot hole prevents excessive sampler wear in tough soils and saves time when a discrete soil core is
desired. The pilot hole is created by driving a 2.0-,2.5-, or 3.0-inch Me Pre-Probe (see Section 3.0 for part
numbers) to the top of the sampling interval. Soil surfaces containing gravel, asphalt, hard sands, or rubble
should be pre-probed to reduce wear on the cutting shoe and to avoid damage 10 the sampler. To save time
when collecting a discrete soil core, pre-probe 10 the sampling interval rather than coring to depth with the
sampler.
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4.7 Open-Tube Sa mpling

The Macro-Cores Open-Tube Sampler is used to gather continuous soil cores beginning from ground surface.
A representative soil sample is obtained by driving the assembled sampler one sampling interval into the
subsurface through undisturbed soil. Upon retrieving the sampler. the liner and soil core are removed. The
sampler is then properly decontaminated. reassembled with a new liner. and inserted back down the same
hole to collect the next soil core.

Instructions for opcrationg of the Open-Tube Macro-Corev Sampler are given in this section.

1. Thread a Drive Cap (AT1200) onto the drive head of an assembled Open-Tube Macro-Core" Sampler
as shown in Figure 4.23. (Refer to Section 4.3 for sampler assembly).

2. Raise the probe unit hammer assembly to its highest position by fully extending the probe cylinder.

3. Position the MC Sampler for driving as shown in Figure 4.24. Place the sampler directly under the
hammer with the cutting shoe centered between the toes of the probe foot. The sampler should now be
parallel to the probe derrick. Step back from the unit and visually check sampler alignment.

4. Apply static weight and hammer percussion to advance the sampler until the drive head reaches the
ground surface (Fig. 4.25A)

NOTE: Activate hammer percussion whenever collect ing soil. Percussion helps shea r the soil at
the lead ing end of the sampler so that it moves into the sample tube for increased recovery.

5. Raise the hammer assembly a few inches to provide access to the top of the sampler.

6. Remove the dr ive cap and thread a Pull Cap (AT I204) onto the sampler drive head.

7. Lower the hammer assembly and hook the hammer latch over the pull cap (Fig. 4.26). Raise the
hammer assembly to pull the sampler completely out of the ground.

8. Procede to Section 4.9 for instructions on recovering the soil core from the MC Sampler.

To sample consecutive soil cores, advance a clean sampler down the previously opened hole (Fig. 4.25B) to
the top of the next sampling interval (Fig. 4 .25C). Drive the tool string the length of the sampler to collect
the next soil core (Fig.4.250 ). Switch to an MC Piston Rod Sampler ifexcessive side slough is encountered.

NOTE : Use ca ution when advanci ng or retrieving the sampler with in an open hole. Low side friction
may allow the sampler and probe rods to drop down the hole when released . To prevent equipment
loss, hold onto the 1001 siring with a pipe wrench when needed.
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Figure 4.23. Thread dri ve
ca p onto sam pler drive
head.

Flgure 4.24 Me Sampler positioned for
drtvtog into subsu rface.

Figure 4.26. Hook hammer
la tch onto pu ll ca p.

I I

'.

•
"/

·•,
•

! ·if. .... ~.,. .. ) .

"9 - }.. '. )t • .::. _, .'- ~ -".. ,
,,_ ) 1
'i " .,.

D.

A. Sampler driven 10proper depth.

B. Open hole from previous sample.

C. Open-tube sampler driven back down previous hole.

D. Sampler driven to proper depth lor sampling second interval.

FIGURE 4.25
Phases of Macro-Cere> Open-Tube Soil Samp ling
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4.8 Closed-Point Sampling with the MC Piston Rod System

Material collapsing from the probe hole sidewall can make it difficult to collect representative soil cores
from significant depths with an open-tube sampler. To overcome this problem, the Macro-Core" Sampler
can be equipped with a point assembly that is held tightly in the cutting shoe with a piston rod and threaded
stop-pin. This allows the sealed sampler to pass through the slough material and then opened at the appropriate
sampling interval. Intructions for sampling with the MC Piston Rod System are given in this section.

NOTE: The MC Pis ton Rod System is designed Cor con tinuous core sampling. A probe hole must be
opened above the sam plin g in terval eithe r by removing soil with an open-tube Macro-Co re" Sampler
or by preprobing to depth. Never d ri ve the MC Piston Rod Syste m through undisturbed soil.

1. Attach a Slotted Drive Cap (ATl 202) to the drive head of an assembled MC Piston Rod Sampler as
shown in Figure 4.27. (Refer to Section 4.5 for sampler assernbly.)

NOTE: The MC Stop-Pin extends slightly Crom the top of the MC Drive Head. A slotted drive
cap is therefore required to allow roo m Cor the stop-pin (Fig . 4.27). A sta ndard drive cap may be
used once probe rods a re ad ded to the tool string.

2. Raise the probe unit hammer assembly to its highest position by fully extending the probe cylinder.

3. Place the leading end of the MC Sampler into the previously opened hole (Fig. 4.28A).

4. Advance the sampler down the open hole for the full stroke of the probe machine.

NOTE: Use ca ution when advan cing the sampler down an open hole. Low side fri ction rna)'
allow the sampler and probe rods to drop down the hole when released. To prevent equipmen t
loss, hold onto the tool st ring with a pipe wrench when needed.

5. Remove the slotted drive cap and thread a probe rod onto the MC Drive Head. Thread a standard Drive
Cap (AT l200) onto the probe rod.

6. Continue advancing the sampler and adding probe rods to the tool string until the desired sampling
interval is reached (Fig. 4.28B).

7. Raise the hammer assembly and retract the probe derr ick to gain access to the top probe rod.

8. Remove the drive cap and insert extension rods down the inside of the probe rod string. A male
Extension Rod Quick Link and an MC Extens ion Rod Quick Link Connector should be placed on the
leading end ofthe extension rod string (Fig. 4.29) if an MC Stop-Pin Coupler was used during assembly.
Nothing is placed on the leading extension rod if a stop-pin coupler was not used.

Usc Extension Rod Couplers or Extension Rod Quick Links (Fig. 4.30) to connect extension rods
togethe r until the leading rod contacts the stop-pin. Use an Extension Rod Jig (Fig. 4.30) to hold the
down-hole rods while adding more rods to the string.

9. Attach an Extens ion Rod Handle (Fig. 4.30) to the rod string and slowly rotate the handle clockwise to
engage the stop-pin threads. The rods will become harder to tum when the stop-pin threads are fully
engaged. Pull up on the rod string to ensure that it is connected to the stop-pin. Continue rotating and
periodically lifting the extension rods until the stop-pin is completely unthreadcd from the drive head.
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Stop-Pin Extends Sligh tly
Past Top of Drive Head

Slotted Drive Cap
(AT1202)

Me Drive Head
(MC9036)

FICURE 4.2 7
Slotted Drive Cap Accomodates Stop-Pin

t

A. Previo usly cored or pre-probed hole with sloughed soil.

B. MC Piston Rod Sampler driven through SlOugh to top of

sampling interval.

C. Remov ing stop-pin and piston rod to release point assembly.

D. MC Piston Rod Sampler driven to collect representative soil core.
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FICURE 4.28

Phases of Macro-Core!' Closed-Point (Piston Rod System) Sampling
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Figure4.29. Use an MC Extension Rod Quick Link
Connecter if step-pin coupler was used in sampler.

NOTE: If the stop-pin is excessively diffi cult to un th read , pull the entire tool string up
approximately 2 inches. This should relieve the for ce exer ted on the point assembly and make
releasing the stop-pin much easi er .

10. Lift and remove extension rods until the stop-pin is visible above the drive head (Fig. 4.28-C). The
stop-pin and piston rod will both be removed from the sampler if a slop-pin coupler was used during
assembly (Fig. 4.3 I-A). Only the stop-pin will be connected to the last extension rod if a coupler was
not used (Fig. 4.31-8 ). Remove the extension rod and stop-pin if the piston rod is not attached.

II. If the piston rod is attached to the stop-pin, carefully unhook the extension rod and male quick link
from the MC Extension Rod Quick Link Connector (Fig. 4.31-A). Take care not to deform the stop
pin coupler when removing the extension rod. Now remove the piston rod from inside the tool string.

12. Thread the Drive Cap (AT l 200) onto a probe rod and then attach the probe rod to the tool str ing.

13. Completely raise the probe unit hammer assembly and reposition the probe derrick over the tool string.

14. Apply static weight and hammer percussion to advance the tool string the length of the sampler and
collect the soil core (Fig. 4.28-0).

NOTE : Activate hammer percussion whenever collecting soil. Percussion helps shea r the soil at
the leading end of the sampler so that it moves into the sample tube for increased recovery.

15. Raise the hammer assembly a few inches to provide access to the top of the tool string.

16. Remove the drive cap and thread a Pull Cap (AT I204) onto the top probe rod.

17. Lower the hammer assembly and hook the hammer latch over the pull cap. Raise the hammer assembly
to pull the first probe rod out of the ground. Remove the rod and place the pull cap on the next rod of
the tool string. Continue pulling probe rods until the MC Sampler is brought to the ground surface.

NOTE: Use caution when retrieving the l\lC Sampler from depth. Low side friction may allow
the sampler and probe rods to d rop down the hole when released. To prevent eq uip ment loss,
hold onto the tool string with a pipe wrench when needed.

18. Procede to Section 4.9 for instructions on recovering the soil core from the MC Sampler.
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- -
Extens ion Rod , 36-inc h (AT67) , 48·inch (AT671). or t -meter (AT675 )

===--E3-=:- ==
'-- Exten sion Rod Co upler tAT68)

~ Male Extens ion Rod Quick Link

Extension Rod Qu ick Links (AT694K) includes
(1) male and (1) jemale quick link .

= =----~;;;; ,;""J;""J u=iu=i::::::ill'iJl ==
/""Female Extension Rod Quick Link /.t.:

, ", ,, ,
<:

Extension Rod Handle
(AT69)

II II IL0)Cii:--) - ----'
Extension Rod Jig , Top View

(AT690)

Extension Rod Jig, Side VlE!w~I
(Al 690) ld.1I

FIGURE 4.30
Extension Rods and Accessories

Exte nsion Rod

Extension Rod Quick Link
(AT694K

Me Extension Rod
Quick Link Co nnector

(MC9754)

Me Stop-Pin Asse mbly
(MC10069)

Extension Rod

Me Slop-Pin Coupler
(MC90 16)

Me Piston Rod is
removed with Stop-P in

Me Stop-Pin Assembly
(MC1006 9)

Me Piston Rod remains
in sampler atter stop-pin
is removed

A. B.

fiGURE 4.31
Me Piston Rod is Removed With Stop. Pin if Stop-Pin Co upler was Used
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4.9 Soil Core Recovery

The soil sample is easi ly removed from the Macro-Core" Sampler by unthreading the cutting shoe and
pulling out the liner. A few sharp taps on the cutting shoe with the combination wrench will often loosen
the threads sufficiently to allow remova l by hand. If needed, the exterior of the cutting shoe features a
notch for attaching the combination wrench to loosen tight threads (F ig. 4.32). With the cutting shoe
removed (Fig. 4.33), simply pull the liner and soil core from the sample tube (Fig. 4.34).

If the closed-point sampler is used, the Me Piston Rod Point Assembly is now retrieved from the end of
the liner (Fig. 4.35). Secure the soil sample by placing a vinyl end cap on each end of the liner.

Undisturbed soil samples can be obtained from Teflon", PVC, and PETG liners by splitting the liner.
Geoprobe offers two tools for cutting sample liners. The MC Liner Cutter Kit (AT8000K) is used to make
longitudinal cuts in the liner and includes a tool that holds the liner for cutting (Fig. 4.36). The MC Liner
Circular Cutting Tool (AT8050 ) is used to segment the liner by cutting around the outside circumference
of the liner (Fig. 4 .37).

Ffgure 4.32. Loosening the :\ot C Cuuing
Shoe with the MC Combinat ion Wrench.

Figure 43 3. Remo vi ng MC Cu tt ing
Shoe and liner- from MC Sampler Tube.

"'igure 4.34. Maero- Core~ li ner filled
with soil core.

Figure4.35. MC Piston Ro d Point
Assembly is re trie ved from top of liner.

4.10 l\IC Piston Rod Sa mpler Tips

Figure 436. MC Li ner Culler ma kes
two longitudinal cuts in polymer liners .

Figure 43 7. MC Circula r Cutt ing Tool
cuts a round th e outside of :\oI C liner .

Macro-Core" Samplers are available in lengths of 24 inches. 36 inches, I meter, 48 inches, and 60 inches.
This means that MC Sample Tubes, MC Liners, MC Piston Rods and MC Piston Rod/Stop-Pin Asse mblies
are also ava ilable in these five sizes. Keep this in mind when ordering Macro-Core" parts to ensure that
the items you receive are of the appropriate length.

During development of the t>,.IC Piston Rod System, it was common for operators to remove the MC Piston
Rod/Stop-Pin assembly from inside the probe rods with the last extension rod still threaded onto the stop-
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pin. The MC Stop-Pin Coupler is not designed to withstand the considerable side load placed on it by the
extension rod and is easily damaged if the extension rod is allowed to swing around unsupported. The MC
Quick Link Connector was developed to prevent damage to the coupler by allowing the last extension rod
to be disconnected from the piston rod/stop-pin assembly before removing the assembly from the probe
rods. Always use the quick link connector whenever the sampler is assembled with a Slop-pin coupler.

4.11 Ti ps to Maximize Sampling Productivity

The following suggestions are based on the collective experiences of Geoprobe operators:

1. Organize your truck or van. Assign storage areas to all tools and equipment for easy location. Transport
sample tubes. piston rods. extension rods. probe rods. and liners in racks. Above all, minimize the
number of items lying loose in the back of the vehicle.

2. Take three or four samplers to the field. This allows the collection of several samples before stopping
to clean and decontaminate the equipment. A system is sometimes used where one individualoperates
the probe while another marks the soil cores and decontaminates the used samplers.

3. A machine vise is recommended. With the sampler held in a vise, the operator has both hands free to
remove the cutting shoe (Fig. 4.38), drive head. and sample liner (Fig. 4.39). Cleanup is also easier
with both hands free. Geoprobe offers an optional Machine Vise (FA300) that mounts directly on the
probe derrick (Fig. 4.40).

4. Extension Rod Quick Links (Fig. 4.41) are real time savers. A good method for deploying extension
rods is to assemble sections of up to three rods using threaded connnectors. Each section is then
connected with Quick Links so that up to three rods can be added or removed from the str ing at once.

Figure 4..3S. Removing MC Cutt ing Shoe
"li th sample tube held in machine vise.

Figure 4.39. Removing fillt'tl. liner wilh
sample tube held in machine vise,

Standard O pe rating Procedure

Figure 4 .4 0. Machi ne vise
mounted di rect ly on Oeoprobe
Soil Pro bing Unit.
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Figure 4.41. Using Extensfon
Rod Quick Links to conne ct
Extension Rods.
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~ Machine Vise 00 Stand

Extension
Rod Sections

(Placed on Plast ic)

Clean ing Water

"New" (Undrive n)
Probe Rods

' u see' Probe Rods Removed
From Tool String As Full Sampler

is Retr ieved - Then Reused to~
Advance Next Sampler. ~

I;; ii~ Filled and Capped liners
(Placed on Plastic)

Clean Sample Tubes

Box of New liners

FIG URE 4.4 2

Equipme nt Layout Example to Maximize Sampling Productivi ty.

5. When re leas ing the stop-pin. a pair of locking pliers can be used 10 tum the extension rods. Locking
pliers may be quicker and easier to install than the extens ion rod handle.

6. Organize your worksite. Practice with the sampler to identify a comfortable setup and then use this
layout whenever sampling. An example layout is shown in Figure 4.42.

A collapsible table or stand is handy to hold deco ntaminated sampler tube s and liners. Equipment
may also be protected from co ntamination by placi ng it on a sheet of plastic on the ground.

Instead of cou nting probe rods for each trip in-and -out of the probe hole. identify separate locations
for "new" rods and "used" rods. Collect the fi rst sample from the open hole using "new" rods. As
each probe rod is removed during sampler retr ieval, place it in the "used" rod location. Now ad vance
a clean sampler back down the same hole using all of the rods from the "used" location . Add one
"new" rod to the string and then dr ive the too ls to collect the next soil core. Once again. remove each
probe rod and place it in the "used" rod location as the sam pler is retrieved. Repeat this cycle using all
the "used" rods to reach the bottom of the probe hole, and one "new" rod to fill the sampler.

7. C lean up is very important from the standpoint of operation as well as decon tamination. Remove all
d irt and grit from the threads of the drive head, cutt ing shoe, and sample tube with a nylon brush
(BU700). Without sufficient cleaning, the cutt ing shoe and drive head will not thread complete ly
onto the sample tube. The thread s may be damaged if the sampler is drive n in this condi tion.
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Ensure that all soil is removed from inside the sample tube. Sand particles are especially troublesome
as they can bind liners in the sampler. Full liners are difficult to remove under such conditions. In
extreme cases the soil sample must be removed from the liner before it can be freed from the sample
tube.

8. Although Me Drive Heads are available for open-tube sampling with I .O-inch OD probe rods. 1.25
inch rods are recommended for the Macro-Core" Sampler. The larger rod diameter limits downhole
deflection of the tool string and ultimately provides a more durable system. The double-lead thread
design also makes the 1.25-inch rods thread together faster than previous l -inch probe rods.

9. The Heavy-Duty MC Cutting Shoe (AT8535) is machined with more material at the cr itical wear
areas. It can be used in place of the Standard MC Cutting Shoe (AT8530) and is designed to lengthen
service life under tough probing conditions.

Expansive clays and coarse sands can "grab" and collapse liners as the sample tube is filled with soil.
A 1I8·inch Undersized MC Cutting Shoe (AT8537) helps alleviate this problem. The smaller core
(1.375 inches 00) allows expa nding clays and coarse sands to travel past the liner without binding.

The standard. heavy-duty, and undersized cutting shoes will not accept the MC Piston Rod Point
Assembly (MC 10068). Only the MC9034 cutting shoe is compatible with the MC Piston Rod System.

10. Maximize the thread life of the sample tube by varying the ends in which the drive head and cutting
shoe are installed. The dynamic forces developed while driving the sampler are such that the threads
at the drive head wear more quickly than at the cutting shoe. Regularly switching ends will maintain
relatively even wear on the sample tube.

5.0 REFERENCES

Geoprobe Systems. September, 1997. "97-98 Tools and Equipment Catalog."

Geoprobe Systems, May. 1995. "1995-96 Tools and Equipment Catalog."

Equipment and tool specificat ions. including weights, dimensions,
materials, and operatin g soecrticanons included in this brochure are
subject to change without not ice. Where specif ications are critical 10

your application. please consult Geoorcce System s
1-800-436-7762.

COPYRIGHT@1995, 1996. 1997. 1998 by Kejr, Inc .
ALL RIGHTS RESERVED.

No part of this publication may be reproouced or transmitted in any
form or by any means, electronic or mechanical, including photocopy,

recording , or any information storage and retrieval system, without
permission in wri ting from Kejr, Inc.
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STANDARD OPERATING PROCEDURE 

Soil Boring Logging 

Purpose and Scope 
This standard operating procedure (SOP) provides guidance to obtain accurate and 
consistent descriptions of soil characteristics during soil sampling operations. The 
characterization is based on visual examination and manual tests, not on laboratory 
determinations. The logging of soil samples will be conducted in accordance with American 
Society for Testing and Materials (ASTM) Designation D2488-00: Standard Practice for 
Description and Identification of Soils (Visual-Manual Procedure). 

Equipment and Materials 
• Soil boring log forms 
• Soil logging guide 
• Field logbook 
• Camera 
• Dry erase board and marker 
• Clean plastic sheeting 
• Clean Department of Transportation (DOT)-approved 55-gallon steel drum and label 
• Tape measure 
• Pocket pentrometer 
• Photoionization detector (PID) 
• Sealable plastic bags 
• Clean latex or nitrile gloves 

Procedures and Guidelines  
This section covers several aspects of the soil characterization: instructions for completing 
the CH2M HILL soil boring log (attached) and field classification of soil procedures. 

Instructions for Completing Soil Boring Logs  
Soil boring logs will be completed on the CH2M HILL soil boring log. The information 
collected in the field to perform the soil characterization is described below. Field personnel 
should review completed logs for accuracy, clarity, and thoroughness of detail. Analytical 
samples also should be checked to see that information is correctly recorded on both jar lids 
and labels and on the log sheets. 

Heading Information 
Boring Number. Enter the boring number. A numbering system should be chosen that does 
not conflict with information recorded for previous exploratory work done at the site. 
Number the sheets consecutively for each location.  
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Location. If station, coordinates, mileposts, or similar project layout information are 
available, indicate the position of the boring to that system using modifiers such as 
“approximate” or “estimated” as appropriate. 

Elevation. Elevation will be determined at the conclusion of field activities.  

Contractor. Enter name of the company and the city and state where it is based. 

Drilling/Excavation Method and Equipment. Identify the bit size and type and method of 
drilling (for example, rotary, hollow-stem auger). Information on the drilling equipment (for 
example, CME 55, Mobile B61) also is noted. For excavations enter type of equipment used 
(such as make/model of equipment). 

Water Level and Date. Enter the depth below ground surface to the apparent water level in 
the borehole/excavation. If free water is not encountered during drilling/excavation or 
cannot be detected because of the drilling method, this information should be noted. Record 
date and time of day of each water level measurement.  

Date of Start and Finish. Enter the date(s) and time(s) the boring/excavation was begun 
and completed.  

Logger. Enter the first initial and full last name. 

Technical Data 
Depth Below Ground Surface. Use a depth scale that is appropriate for the sample spacing 
and for the complexity of subsurface conditions.  

Sample Interval. Note the depth at the top and bottom of the sample interval.  

Sample Recovery. Enter the length to the nearest 0.1 foot of soil sample recovered from the 
sampler. Often, there will be some wash or caved material above the sample; do not include 
the wash material (such as slough) in the measurement. Record recovery in feet. 

PID. In this column, enter the headspace reading of the sample interval. PID measurements 
are to be conducted in accordance with the SOP, Organic Vapor Monitor. 

Soil Description. The soil classification should follow the format described in the “Field 
Classification of Soil” subsection below. 

Comments. Include all pertinent observations (rod drops, rod bounce as in driving on a 
cobble, and equipment malfunctions). In addition, note if casing was used, the sizes and 
depths installed. You should instruct the driller to alert you to any significant changes in 
drilling (changes in material, occurrence of boulders). Such information should be attributed 
to the driller and recorded in this column. 

Field Classification of Soil 
This section presents the format for the field classification of soil. In general, the approach 
and format for classifying soils should conform to ASTM D2488, Visual-Manual Procedure for 
Description and Identification of Soils.  

The Unified Soil Classification System is based on numerical values of certain soil properties 
that are measured by laboratory tests. It is possible, however, to estimate these values in the 
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field with reasonable accuracy using visual-manual procedures (ASTM D2488). In addition, 
some elements of a complete soil description, such as the presence of cobbles or boulders, 
changes in strata, and the relative proportions of soil types in a bedded deposit, can be 
obtained only in the field.  

Soil descriptions should be precise and comprehensive without being verbose. The correct 
overall impression of the soil should not be distorted by excessive emphasis on insignificant 
details. In general, similarities rather than differences between consecutive samples should 
be stressed. 

Soil descriptions must be recorded for every soil sample collected. The format and order for 
soil descriptions should be as follows: 

1. Soil name (synonymous with ASTM D2488 Group Name) with appropriate modifiers. 
Soil name should be in all capitals in the log, for example “Sandy CLAY”. 

2. Group symbol, in parentheses, for example, “(CL)”. 

3. Color, using Munsell color designation. 

4. Moisture content. 

5. Relative density or consistency. 

6. Soil structure, mineralogy, or other descriptors. 

This order follows, in general, the format described in ASTM D2488.  

Soil Name 
The basic name of a soil should be the ASTM D2488 Group Name on the basis of visual 
estimates of gradation and plasticity. The soil name should be capitalized.  

Examples of acceptable soil names are illustrated by the following descriptions: 

• A soil sample is visually estimated to contain 15 percent gravel, 55 percent sand, and 
30 percent fines (passing No. 200 sieve). The fines are estimated as either low or highly 
plastic silt. This visual classification is Silty SAND with gravel, with a Group Symbol of 
(SM). 

• Another soil sample has the following visual estimate: 10 percent gravel, 30 percent 
sand, and 60 percent fines (passing the No. 200 sieve). The fines are estimated as low 
plastic silt. This visual classification is Sandy SILT. The gravel portion is not included in 
the soil name because the gravel portion was estimated as less than 15 percent. The 
Group Symbol is (ML).  

The gradation of coarse-grained soil (more than 50 percent retained on No. 200 sieve) is 
included in the specific soil name in accordance with ASTM D2488. There is no need to 
further document the gradation; however, the maximum size and angularity or roundness 
of gravel and sand-sized particles should be recorded. For fine-grained soil (50 percent or 
more passing the No. 200 sieve), the name is modified by the appropriate plasticity/ 
elasticity term in accordance with ASTM D2488. 
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Interlayered soil should each be described starting with the predominant type. An 
introductory name, such as “Interlayered Sand and Silt,” should be used. In addition, the 
relative proportion of each soil type should be indicated. 

Where helpful, the evaluation of plasticity/elasticity can be justified by describing results 
from any of the visual-manual procedures for identifying fine-grained soils, such as reaction 
to shaking, toughness of a soil thread, or dry strength as described in ASTM D2488. 

Group Symbol 
The appropriate group symbol from ASTM D2488 must be given after each soil name. The 
group symbol should be placed in parentheses to indicate that the classification has been 
estimated. 

In accordance with ASTM D2488, dual symbols (for example, GP-GM or SW-SC) can be 
used to indicate that a soil is estimated to have about 10 percent fines. Borderline symbols 
(for example, GM/SM or SW/SP) can be used to indicate that a soil sample has been 
identified as having properties that do not distinctly place the soil into a specific group. 

Generally, the group name assigned to a soil with a borderline symbol should be the group 
name for the first symbol. The use of a borderline symbol should not be used 
indiscriminately. Every effort should be made to first place the soil into a single group.  

Color 
The color of a soil must be given. The color description should be based on the Munsell 
system. The color name and the hue, value, and chroma should be given. 

Moisture Content 
The degree of moisture present in a soil sample should be defined as dry, moist, or wet.  

Relative Density or Consistency 
Relative density of a coarse-grained (cohesionless) soil is based on N-values (ASTM D1586). 
If the presence of large gravel, disturbance of the sample, or non-standard sample collection 
makes determination of the in situ relative density or consistency difficult, then this item 
should be left out of the description and explained in the “Comments” column of the soil 
boring log. 

Consistency of fine-grained (cohesive) soil is properly based on results of pocket 
penetrometer or torvane results. In the absence of this information, consistency can be 
estimated from N-values.  

Soil Structure, Mineralogy, and Other Descriptors 
Discontinuities and inclusions are important and should be described. Such features include 
joints or fissures, slickensides, bedding or laminations, veins, root holes, and wood debris.  

Significant mineralogical information such as cementation, abundant mica, or unusual 
mineralogy should be described. 

Other descriptors may include particle size range or percentages, particle angularity or 
shape, maximum particle size, hardness of large particles, plasticity of fines, dry strength, 
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dilatancy, toughness, reaction to HCl, and staining, as well as other information such as 
organic debris, odor, or presence of free product. 

Equipment and Calibration 
Before starting the testing, the equipment should be inspected for compliance with the 
requirements of ASTM D1586.  

Key Checks 
• Check entries between the soil boring log and field logbook in the field for accuracy 

• Check entries between soil boring logs for consistency and accuracy in describing the 
same lithologic units. 

• Check that drilling and sampling equipment is decontaminated using the procedures 
defined in the SOP, Decontamination of Drilling Rigs and Equipment. 

Attachment 
• Soil Boring Log 

 



PROJECT NUMBER BORING NUMBER

SHEET   OF   

SOIL BORING LOG

PROJECT :  LOCATION :
ELEVATION : DRILLING CONTRACTOR :
DRILLING METHOD AND EQUIPMENT USED :
WATER LEVELS : START : END :   LOGGER :  
DEPTH BELOW SURFACE (FT) COMMENTS

INTERVAL (FT)
RECOVERY (IN)

PID
(ppm)

_ _ _
_ _ _
_ _ _
_ _ _

  __ __ __
_ _ _
_ _ _
_ _ _
_ _ _

  __ __ __
_ _ _
_ _ _
_ _ _
_ _ _

  __ __ __
_ _ _
_ _ _
_ _ _
_ _ _

  __ __ __
_ _ _
_ _ _
_ _ _
_ _ _

  __ __ __
_ _ _
_ _ _
_ _ _
_ _ _

  __ __ __
_ _ _
_ _ _
_ _ _
_ _ _

DESCRIPTION
SOIL TYPE, USCS GROUP SYMBOL, COLOR, MOISTURE CONTENT, 
RELATIVE DENSITY OR CONSISTENCY, MINEROLOGY, ODOR OR 
DISCOLORATION

DEPTH OF SURFACE CASING, DRILLING RATE,
DRILLING FLUID LOSS, START/STOP TIME OF 
DAILY DRILLING RUNS, SAMPLE DEPTHS

3a_Borehole Log.xls
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STANDARD OPERATING PROCEDURE 

Organic Vapor Monitor 

Purpose and Scope 
The purpose of this standard operating procedure (SOP) is to provide guidelines for the 
calibration and use of an organic vapor monitor (OVM). This is a broad guideline for field 
use of an OVM; for specific instruction, refer to the operations manual. 

Equipment and Materials 
• Operations manual 
• An OVM hand readout unit and side pack assembly 
• 100 parts per million (ppm) isobutylene as calibration gas 
• T-type feeder tube with 1.5 liter per minute regulator 

Procedures and Guidelines 
ONLY PROPERLY TRAINED PERSONNEL SHOULD USE THE OVM. FOR SPECIFIC 
INSTRUCTIONS, SEE OPERATIONS MANUAL. 

1. Introduction—The OVM is designed to detect organic materials in air. It uses a 
photoionization detector (PID) as its detection principle. This detector allows the 
monitor to respond to a wide variety of organic compounds. 

2. Operational Checks—See basic operating instructions in the operations manual. 

3. Calibration—See basic operating instructions in the operations manual. 

4. Soil Organic Vapor Monitoring 
• Place a 2- to 4-inch soil core immediately into a sealable plastic bag upon opening the 

core barrel or direct push technology (DPT) liner and seal the bag.  

• If readings will not be collected immediately, record the soil sample depth on the 
outside of the plastic bag using a marker. 

• Slightly open the plastic bag and insert the monitor’s sensor. 

• Record the OVM reading on the soil boring log at the correct depth interval. 

Key Checks and Preventive Maintenance 
• Check battery. 
• Zero and calibrate. 
• Verify sensor probe is working. 
• Recharge unit after use. 
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A complete preventive maintenance program is beyond the scope of this document. For 
specific instructions, refer to the operations manual. Some key issues are discussed below: 

• A complete spare instrument should be available whenever field operations require 
volatiles monitoring.  

• Spare parts should be on hand so minor repairs may be made in the field.  

• Batteries should be charged daily. 

• Occasionally allow the batteries to totally discharge before recharging. 

 



 

 1 

STANDARD OPERATING PROCEDURE 

Soil Sample Collection: Continuous 

Purpose and Scope 
This standard operating procedure (SOP) provides a general procedure for sampling 
subsurface soil using a 5-foot continuous sampler or 4-foot Macro-Core® in conjunction with 
hollow-stem auger drilling and direct push probing methods, respectively. 

Equipment and Materials 
• Drill rig equipped with tooling for hollow-stem auger drilling methods using 5-foot 

continuous samplers or hydraulic direct push rig using 4-foot Macro-Core® samplers 

• Field logbook 

• Clean plastic sheeting 

• Equipment and supplies required for logging soil boring (see SOP, Soil Boring Logging) 

• Clean Department of Transportation (DOT)-approved 55-gallon steel drums with labels 

• Equipment/instrument decontamination materials (see SOP, Decontamination of 
Personnel and Equipment) 

• Laboratory-supplied analytical sample containers 

• Clean latex or nitrile gloves 

Procedures and Guidelines 
• Set up and calibrate instruments in accordance with manufacturer’s instructions. 

• Ensure that all equipment and tooling used downhole or contacting soil samples at 
ground surface is clean. Decontaminate all nondedicated equipment and tooling in 
accordance with the SOPs, Decontamination of Drill Rigs and Equipment and 
Decontamination of Personnel and Equipment. 

• Verify that all site utilities have been cleared in accordance with the field sampling plan 
(FSP). 

• Place clean plastic sheeting on ground surface or surface on which the soil cores will be 
logged and sampled. It is preferable to log the soil cores beneath a canopy or other shade 
implement to minimize volatilization of compounds within the soil core. 

• Subcontractor shall advance the augers or samplers to the top depth of the next 
successive sample interval or the desired sampling depth. 
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• Driller shall advance the sampler at a rate that ensures maximum recovery within the 
sampler. Samplers advanced at too rapid of a rate may result in poor recovery or sample 
quality. 

• Subcontractor shall remove the drill rods and samplers from the soil boring. The 
samplers shall be opened by the drilling subcontractor and turned over to CH2M HILL 
field personnel. 

• Put on latex or nitrile gloves. 

• Driller shall indicate which end of the sampler is the top and bottom. CH2M HILL field 
personnel should orient the sample cores the same direction when logging to minimize 
errors in logging the cores backwards. 

• Log the soil core in accordance with the SOP, Soil Boring Logging. 

• Reserve a portion of the soil core in a resealable plastic bag for screening. Soil cores will 
be screened in accordance with the SOP, Organic Vapor Monitoring. 

• If the exact sample interval to be submitted for laboratory analysis is known, fill the 
laboratory-supplied sample containers, beginning with the containers for volatile 
organic compound (VOC) analysis, using decontaminated or dedicated sampling 
implement. VOC samples shall be collected in accordance with the SOP, Soil Sample 
Collection for VOCs. 

• If exact interval to be submitted for laboratory analysis in unknown, fill the laboratory-
supplied sample containers as described in the previous bullet. Upon completion of the 
soil boring, select the appropriate sample interval(s) to be submitted for laboratory 
analysis. 

• Place the sample containers in an ice-bearing cooler away from sources of cross 
contamination. 

• Place investigation-derived waste (such as soil cores and drill cuttings) in 55-gallon 
drums. Label the 55-gallon drum in accordance with the FSP and stage in the temporary 
drum staging area. 

• Decontaminate all nondedicated equipment and tooling in accordance with the SOPs, 
Decontamination of Drill Rigs and Equipment and Decontamination of Personnel and 
Equipment. 

• If the soil boring is not to be completed as a monitoring well, backfill the boring with 
grout or hydrated bentonite chips and repair the surface with like material (for example, 
asphalt patch, concrete, etc.), as required. 

• Mark the location with pin flag or surveyor stake. 

Key Checks 
• Verify that the drill rig is clean and in proper working order. 
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• Ensure that the driller thoroughly decontaminates the sampler between sample 
intervals, and the augers between soil borings. 

• Ensure that the borehole has been backfilled and ground surface restored. 

• Mark soil boring location with a labeled survey flag. 

Attachments 
None.  
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STANDARD OPERATING PROCEDURE 

Volatile Organic Compound Soil Sample 
Collection  

Purpose and Scope 
This standard operating procedure (SOP) provides a general guideline for the collection of 
soil samples using the SW5035 sampling method (that is, EnCore®-type samplers). 

Equipment and Materials 
• Field logbook 

• Clean plastic sheeting 

• Laboratory-supplied disposable TerraCore or EnCore®-type samplers (please note that 
the EnCore® T-handle needs to be requested from laboratory) 

• Laboratory-supplied sample containers 

• Equipment/instrument decontamination materials (see SOP, Decontamination of 
Personnel and Equipment) 

• Clean latex or nitrile gloves 

Procedures and Guidelines 
This SOP provides for the collection of soil samples for volatile organic compound (VOC) 
analysis. There are three different types of sampling apparatuses that can be used to collect 
VOC soil samples: 

• Terra CoreTM sampler 
• EnCore® sampler 
• EasyDraw Syringe® and the PowerStop Handle® 

In all three cases, the laboratory will supply the sample containers, disposable sample 
equipment, and handles. The sampler should review the sample bottle summary provided 
by the laboratory to familiarize themselves with the number and types of containers to be 
included with each kit. Attached to this SOP are instructions on how to properly collect a 
soil sample for VOC analysis using each of the three sampling devices specified. 

Key Checks 
• Only cohesive fine-grained soil samples should be collected with these samplers. 

Noncohesive soil samples should be collected within a laboratory-supplied glass sample 
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jar. The jar should be filled such that no headspace remains when sealed. The sampler 
should verify the use of a glass sample jar with the project chemist and/or laboratory to 
ensure that the proper volume of sample is provided. 

• When using an EnCore® sampler, the plunger must be locked after placing the cap on 
the bottom of the sampler. 

• When using an EnCore® sampler, the actual sampler and bag must be labeled with the 
sample identification to minimize a mix up of sample containers at the laboratory. 

• Ensure that all sample labels are properly filled out consistently for a sample set. 

Attachments 
• Recommended use of the Terra Core™ 
• Disposable EnCore® sampler sampling procedures 
• Recommended use of the EasyDraw Syringe® and the PowerStop Handle® 



~;~:~e;;;:~d';d Use Of The Terra Core™ I(
NO TE: The Terra Core 1JoI Sampler is a single use device. It cannot be cleaned and/ or reused.

Step 2
Wipe all soil or debris from the outside of the Terra
Co re" sampler. The soil plug should be flush with
the mouth of the sampler. Remove any excess soil
that extends beyond the mouth of the sam pler.

Step 3
Rotate the plu nger that was seated in the handle
top 90° until it is aligned with the slots in the body.
Place the mouth of the sampler into the 40ml VOA
vial containing the appropriate preservative and
ext rude the sample by pushing the
plunger down. Quickly place the lid back on the
40ml VOA vial.
Note: When capping the 40ml VOA vial, be sure to
remove any soil or debris from the th reads of the
vial.

Step 1
Have ready a 40ml glass VOAvial containing the
appropriate preservative.
With the plunger seated in the hand le,
push the Terra (are into freshly exposed soil
until the sample chamber is filled .
A filled chamber will deliver approximately
5 grams of soil.
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Disposable
En Core®Sampler

En Novative Technologies, Inc.
1241 Bellevue Street
Green Bay, WI 54302

Phone: 920-465 -3960 • Fax: 920 -465-3963
Toll Free: 888 -411-0757

www. ernovativetecn.com

Sampling Procedures
NOTE:

1. En Core" Sampler is a SINGLE USE device. It cannot be
cleaned and/or reused.

Using The
En Core®T-Hand le

2. En Core" Sampler is designed to store soi l. Do not use En
Core Sampler to store solvent or free product !

3. En Co re" Sampler must be used wit h En Core" T-Handle
and/ or En Core" Extrusion Tool exclusively. (These ite ms are
sold sepa rately.)

Groove ((1.12=1,[=1'f- Ridge
_
11I=::::!~_.u .~_ lO(k i n gFlat Arm

Groove

Sampler Incorrectly Capped
(Cap acperers crooked, loc king arm grQOV('S not

fully seated over cor ing txxty ridge.)

Sampler Correctly Capped
(lOCKing arm grooves seated ov er cOring body rid ge.)

lob
Wing

I

,~ locking
Lever

I

En Core®T-Handle

Viewing Hole for 25
Gram Sampler -~O •

Viewing Hote for " -j.-O
Gram Sampler ~ Locking Pins

O;::-'::~~t--~ (tnvide}

CORING BODY

Ridge

Wi ng

T.b

Slot

Plunger
Bottom(inside)

unqer End
Small O-Ring

Plunger Rod

t

, PI
l- •

•

•

Ft , •
,,-_/ I ...

Flat

I-

En Core®
Top

Bottom

BEFORETAKIN G SAMPLE:
1. Hold coring body and push plun ger rod down until sma ll o·ring
rests agai nst tabs. This will assure t hat plunger moves freely.

4. Cap coring body while it is st ilLon T-handle. Push cap over Hat
area of ridge and twist to lock cap in place. CAP MUST BE SEATED
TO SEAL SAM PLER (see diagram) .

2. Depress loc king Lever on En ( ore T-HandLe. PLace coring body,
plunger end first, into open end of T-Handle, aligning the (2) slots
on the coring body with the (2) locking p ins in the T-Handle. Twist
coring body clockwise to lock pins in slots. Check to ensure Sampler
is Locked in pLace. SampLer is ready for use.

PREPARING SAMPLER f OR SHIPMENT:
5. Remove the capped Sampler by depressing tacking lever on
T-Handle while twisting and pulling Sampler from I-Handte.

6. Lock plunger by rotating extended pLu nger rod fully counter
clockwise until wings rest firmly against tabs (see plunger diagram).

TAKING SAM PLE:
3. Turn T-Handle with T-up and coring body down. This positions
plunger botto m flush with bottom of coring body (ensure that
plunger bottom is in posit ion). Using t -Handte. push Sampler into
soit until coring body is completely fuLL When fuLL, small a-ring wi ll
be cente red in 'l-Handle viewing hote. Remove Sampler from sott.
Wipe excess sott from coring body exte rior.

7. Attach completed tear-off label (from En Core Sampler bag) to
cap on coring body.

8. Return full En (a re Sampler to zipper bag. Seal bag and put on
ice.



En Novative Technologies, Inc .
Recommended Use Of
The EasyDraw Syrin e®and The PowerStop Handle®

Step 1 - Load Sampling Device

Insert the EasyDraw Syrinqe' into the appropriate slot on
the Powerstop Handle" and remove end cap from syringe.

• If sampli ng for EPA Method 5035A low-level Protocol.
insert syringe into one of the three 5 gram positions.
Use th e heavy posit ion for de nse clay, the light position
for dry sandy soil, and the medium position for
all ot hers.

• There are also three 10 gram and one 13 gram
positions to accommodate other methods.

Step 2 - Collect Sample

Push the EasyDraw Syringe" into freshly exposed soil.
Continue pushing until the soil colum n inside the syringe
has forced th e plunger to t he stopping point.
Wipe all debri s from the outside of the EasyOraw Syringe",
The soil plug should be flush with the mouth of the
sampler. Remove any excess soil that extends beyond the
mouth of the sampler. The EasyDraw Syringe delivers
approximately 5, 10 or 13 grams. Actual weight will be
dete rmined at the laboratory.

Step 3 - Eject Sample Into Vial

Remove the syringe from the Powerstop Handle", Insert
syringe into open end of a pre-tared 40-ml vial containing
the appropriate preservative. Extrude t he sample into the
vial by pushing on the syringe plunger.
Avoid getti ng dirt on the threads of the the au-mt vial.

Cap vial immediately and put on ice or in an environment
maintained at 4° C.

Option: Refill EasyDraw Syrlnqe' and cap for use as a dry
weight container.

En Novative Technologies, Inc. • 1241 Bellevue Street e Green Bay;WI 54302 • \oVII\IVV.erYlovativetech_com
Phone: 920-465-3960 • Toll Free: 888-411-0757 • Fax: 920-465-3963
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1.0  OBJECTIVE

The objective of this procedure is to drive a sealed stainless steel or PVC screen to depth, deploy the screen, obtain a 
representative water sample from the screen interval, and grout the probe hole during abandonment.  The Screen Point 
16 Groundwater Sampler enables the operator to conduct abandonment grouting that meets American Society for 
Testing and Materials (ASTM) Method D 5�99 requirements for decommissioning wells and borings for environmental 
activities (ASTM 199�).

2.0  BACKGROUND

2.1 Definitions

Geoprobe®:  A brand name of high quality, hydraulically powered machines that utilize both static force and 
percussion to advance sampling and logging tools into the subsurface.  The Geoprobe® brand name refers to both 
machines and tools manufactured by Geoprobe Systems®, Salina, Kansas.  Geoprobe® tools are used to perform 
soil core and soil gas sampling, groundwater sampling and monitoring, soil conductivity and contaminant logging, 
grouting, and materials injection.

Screen Point 16 (SP16) Groundwater Sampler:  A direct push device consisting of a PVC or stainless steel 
screen that is driven to depth within a sealed, steel sheath and then deployed for the collection of representative 
groundwater samples.  The assembled SP16 Sampler is approximately 51.5 inches (1�08 mm) long with an OD of 
1.6�5 inches (41 mm).  Upon deployment, up to 41 inches (1041 mm) of screen can be exposed to the formation.  
The Screen Point 16 Groundwater Sampler is designed for use with 1.5-inch probe rods and machines equipped 
with the more powerful GH60 Hydraulic Hammer.  Operators with GH40 Series hammers may chose to use this 
sampler in soils where driving is difficult.

Rod Grip Pull System:  An attachment mounted on the hydraulic hammer of a direct push machine which makes 
it possible to retract the tool string with extension rods or flexible tubing protruding from the top of the probe 
rods.  The Rod Grip Pull System includes a pull block with rod grip jaws that are bolted directly to the machine.  
A removable handle assembly straddles the tool string while hooking onto the pull block to effectively grip the 
probe rods as the hammer is raised.  A separate handle assembly is required for each probe rod diameter.

2.2 Discussion

In this procedure, the assembled Screen Point 16 Groundwater Sampler (Fig. �.1A) is threaded onto the leading end 
of a Geoprobe® probe rod and advanced into the subsurface with a Geoprobe® direct push machine.  Additional 
probe rods are added incrementally and advanced until the desired sampling interval is reached.  While the sampler 
is advanced to depth, O-ring seals at each rod joint, the drive head, and the expendable drive point provide a 
watertight system.  This system eliminates the threat of formation fluids entering the screen before deployment 
and assures sample integrity.

Once at the desired sampling interval, extension rods are sent downhole until the leading rod contacts the bottom 
of the sampler screen.  The tool string is then retracted approximately 44 inches (1118 mm) while the screen is 
held in place with the extension rods (Fig. �.1B).  As the tool string is retracted, the expendable point is released 
from the sampler sheath.  The tool string and sheath may be retracted the full length of the screen or as little as a 
few inches if a small sampling interval is desired.

There are three types of screens that can be used in the Screen Point 16 Groundwater Sampler.  Two of the these, a 
stainless steel screen with a standard slot size of 0.004 inches (0.10 mm) and a PVC screen with a standard slot size 
of 0.010 inches (0.�5 mm), are recovered with the tool string after sampling.  The third screen is also manufactured 
from PVC with a standard slot size of 0.010 inches (0.�5 mm), but is designed to be left downhole when sampling 
is complete.  This disposable screen has an exposed screen length of approximately 4� inches (109� mm).  The 
two screens that are recovered with the sampler both have an exposed screen length of approximately 41 inches 
(1041 mm).  

(continued on following page)
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An O-ring on the head of the stainless steel screens maintains a seal at the top of the screen.  As a result, any liquid 
entering the sampler during screen deployment must first pass through the screen.  PVC screens do not require an 
O-ring because the tolerance between the screen head and sampler sheath is near that of the screen slot size.

The screens are constructed such that flexible tubing, a mini-bailer, or a small-diameter bladder pump can be inserted 
into the screen cavity.  This makes direct sampling possible from anywhere within the saturated zone.  A removable 
plug in the lower end of the screens allows the user to grout as the sampler is extracted for further use.

Groundwater samples can be obtained in a number of ways.  A common method utilizes polyethylene (TB�5L) or 
Teflon® (TB�5T) tubing and a Check Valve Assembly (GW4�10).  The check valve (with check ball) is attached to one 
end of the tubing and inserted down the casing until it is immersed in groundwater.  Water is pumped through 
the tubing and to the ground surface by oscillating the tubing up and down.  

An alternative means of collecting groundwater samples is to attach a peristaltic or vacuum pump to the tubing.  
This method is limited in that water can be pumped to the surface from a maximum depth of approximately �6 
feet (8 m).  Another technique for groundwater sampling is to use a stainless steel Mini-Bailer Assembly (GW41).  
The mini-bailer is lowered down the inside of the casing below the water level where it fills with water and is then 
retrieved from the casing.

The latest option for collecting groundwater from the SP16 sampler is to utilize a Geoprobe® MB470 Series 
Mechanical Bladder Pump (MBP)*.  The MBP may be used to meet requirements of the low-flow sampling protocol 
(Puls and Barcelona 1996, ASTM �00�).  Through participation in a U.S. EPA Environmental Technology Verification 
study, it was confirmed that the MB470 can provide representative samples (EPA �00�).

*The Mechanical Bladder Pump is manufactured under U.S. Patent No. 6,877,965 issued April 12, 2005.
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B.  Screen Partially Deployed

FIGURE 2.1
Screen Point 16 Groundwater Sampler

Probe Rod

Drive Head

Sampler Sheath

Wire-Wound Stainless Steel 
or PVC Screen

PVC or PE
Grout Plug

Expendable Drive Point

Extension Rod

Extension Rod Handle

A.  Fully Assembled
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3.0  TOOLS AND EQUIPMENT

The following tools and equipment can be used to successfully recover representative groundwater samples with the 
Geoprobe® Screen Point 16 Groundwater Sampler.  Refer to Figures �.1 and �.� for identification of the specified parts.  
Tools are listed below for the most common SP16 / 1.5-inch probe rod configurations.  Additional parts for optional rod 
sizes and accessories are listed in Appendix A.

SP16 Sampler Parts Part Number
SP16 Sampler Sheath ...............................................................................................................................................15187
SP16 Drive Head, 0.5-inch bore, 1.5-inch rods* ..............................................................................................18�07
SP16 O-ring Service Kit, 1.5-inch rods (includes 4 each of the O-ring packets below) .........................15844

O-rings for Top of SP16 Drive Head, 1.5-inch rods only (Pkt. of 25) ..................................................... 15389
O-rings for Bottom of SP16 Drive Head (Pkt. of 25) ................................................................................ 13196
O-rings for GW1520 Screen Head (Pkt. of 25)........................................................................................GW1520R
O-rings for SP16 Expendable Drive Point (Pkt. of 25) ..........................................................................GW1555R

Screen, Wire-Wound Stainless Steel, 4-Slot* ..................................................................................................GW15�0
Grout Plugs, PE (Pkg. of �5) ................................................................................................................................ GW155�K
Expendable Drive Points, steel, 1.6�5-inch OD (Pkg. of �5)* .................................................................. GW1555K
Screen Point 16 Groundwater Sampler Kit, 1.5-inch Probe Rods (includes 1 each of:

15187, 18307, 15844, GW1520, GW1535, GW1540, GW1555K, and GW1552K) ................................15770

Probe Rods and Probe Rod Accessories Part Number
Drive Cap, 1.5-inch probe rods, threadless, (for GH60 Hammer) ..............................................................1�787
Pull Cap, 1.5-inch probe rods ................................................................................................................................15090
Probe Rod, 1.5-inch x 60-inch* .............................................................................................................................111�1

Extension  Rods and Extension Rod Accessories Part Number
Screen Push Adapter..............................................................................................................................................GW15�5
Grout Plug Push Adapter......................................................................................................................................GW1540 
Extension Rod, 60-inch* ..........................................................................................................................................1007� 
Extension Rod Coupler............................................................................................................................................. AT68
Extension Rod Handle .............................................................................................................................................. AT69
Extension Rod Jig ......................................................................................................................................................AT690
Extension Rod Quick Link Coupler, pin ..............................................................................................................AT695
Extension Rod Quick Link Coupler, box .............................................................................................................AT696

Grout Accessories Part Number
Grout Nozzle, for 0.�75-inch OD tubing ..........................................................................................................GW1545
High-Pressure Nylon Tubing, 0.�75-inch OD / 0.�5-inch ID, 100-ft. (�0 m)............................................116��
Grout Machine, self-contained* ......................................................................................................................... GS1000
Grout System Accossories Package, 1.5-inch rods ...................................................................................... GS1015

Groundwater Purging and Sampling Accessories Part Number
Polyethylene Tubing, 0.�75-inch OD, 500 ft.* ..................................................................................................TB�5L
Check Valve Assembly, 0.�75-inch OD Tubing* ............................................................................................GW4�10
Water Level Meter, 0.4�8-inch OD Probe, 100 ft. cable*.............................................................................GW�000
Mechanical Bladder Pump** ................................................................................................................................ MB470
Mini Bailer Assembly, stainless steel ...................................................................................................................GW41

Additional Tools  Part Number 
Adjustable Wrench, 6.0-inch .................................................................................................................................FA�00
Adjustable Wrench, 10.0-inch ...............................................................................................................................FA�01
Pipe Wrenches  ..............................................................................................................................................................NA

 * See Appendix A for additional tooling options.
 ** Refer to the Standard Operating Procedure (SOP) for the Mechanical Bladder Pump (Technical Bul-

letin No. MK�01�) for additional tooling needs.
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SP16 Drive Head
Top O-Ring

(15�89*)

SP16 Drive Head
(18�07**)

SP16 Drive Head
Bottom O-Ring

(1�196*)

Sampler Sheath
(15187)

Screen Head 
O-ring, 
GW15�0 only 
(GW15�0R)

Screen
(GW15�0**)

PE Grout Plug
(GW155�)

Expendable 
Drive Point, 

(GW1555K**)

FIGURE 3.1
SP16 Sampler Parts

Expendable Drive 
Point O-Ring
(GW1555R*)

 * Included in the SP16 O-ring Service Kit (15844)
 ** Part numbers show most common tool configuration.  

See Appendix A for alternative parts.

FIGURE 3.2
Geoprobe® Extension Rods and Accessories

Extension Rod Jig — Top View
(AT690)

Extension Rod Jig — Side View
(AT690)

Extension Rod Handle
(AT69)

Extension Rod 
Quick Link 
Coupler, Pin
(AT695)

Extension Rod 
Quick Link 

Coupler, Box
(AT696)

Extension Rod, 48-inch (AT671), 60-inch (1007�), or 1-meter (AT675)

Grout Plug Push Adapter
(GW1540)

Screen Push Adapter
(GW15�5)

Extension Rod Coupler
(AT696)
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4.0  OPERATION

4.1 Basic Operation

The SP16 sampler utilize a stainless steel or PVC screen which is encased in an alloy steel sampler sheath.  An 
expendable drive point is placed in the lower end of the sheath while a drive head is attached to the top.  O-rings 
on the drive head and expendable point provide a watertight sheath which keeps contaminants out of the system 
as the sampler is driven to depth.  

Once the sampling interval is reached, extension rods equipped with a screen push adapter are inserted down 
the ID of the probe rods.  The tool string is then retracted up to 44 inches (1118 mm) while the screen is held in 
place with the extension rods.  The system is now ready for groundwater sampling.  When sampling is complete, a 
removable plug in the bottom of the screen allows for grouting below the sampler as the tool string is retrieved.

4.2 Sampler Options

The Screen Point 15 and Screen Point 16 Groundwater Samplers are nearly identical.  Subtle differences in the 
design of the SP16 sampler make it more durable than the earlier SP15 system.  Operators of GH60-equipped 
machines should always utilize SP16 tooling.  Operators of machines equipped with GH40 Series hammers may 
also choose SP16 tooling when sampling in difficult probing conditions.

A 1.75-inch OD Expendable Drive Point (17066K) and Disposable PVC Screen (16089) provide two useful options 
for the SP16 sampler.  The 1.75-inch drive point may be used when soil conditions make it difficult to remove the 
sampler after driving to depth.  The disposable PVC screen may be left downhole after sampling (when regulations 
permit) to eliminate the time required for screen decontamination.

4.3 Decontamination

In order to collect representative groundwater samples, all sampler parts must be thoroughly cleaned before and 
after each use.  Scrub all metal parts using a stiff brush and a nonphosphate soap solution.  Steam cleaning may be 
substituted for hand-washing if available.  Rinse with distilled water and allow to air-dry before assembly.

4.4 SP16 Sampler Assembly (Figure 4.1)

Part numbers are listed for a standard SP16 sampler using 1.5-inch probe rods.  Refer to Page 6 for screen and 
drive head alternatives.

1. Place an O-ring on a steel expendable drive point (GW1555K).  Firmly seat the expendable point in the necked 
end of a sampler sheath (15187).

2. Install a PE Grout Plug (GW155�) in the bottom end of a Wire-wound Stainless Steel Screen (GW15�0).  Place 
a GW15�0R O-ring in the groove on the top end of the screen.  

3. Slide the screen inside of the sampler sheath with the grout plug toward the bottom of the sampler.  Ensure 
that the expendable point was not displaced by the screen.

4. Install a bottom O-ring (1�196) on a Drive Head (18�07 or 15188).  Thread the drive head into the sampler 
sheath using an adjustable wrench if necessary to ensure complete engagement of the threads.  Attach a 
Drive Cap (1�787 or 15590) to the top of the drive head.  

 NOTE: The 18�07 drive head should be used whenever possible as the smaller 0.5-inch ID provides a greater 
material cross-section for increased durability. 

Sampler assembly is complete.
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4.5 Advancing the SP16 Sampler

To provide adequate room for screen deployment with the Rod Grip Pull System, the probe derrick should be 
extended a little over halfway out of the carrier vehicle when positioning for operation.

 
1. Begin by placing the assembled sampler (Fig. �.1.A) in the driving position beneath the hydraulic hammer of 

the direct push machine as shown in Figure 4.�.

2. Advance the sampler with the throttle control at slow speed for the first few feet to ensure that the sampler 
is aligned properly.  Switch to fast speed for the remainder of the probe stroke.

3. Completely raise the hammer 
assembly.  Remove the drive 
cap and place an O-ring in the 
top groove of the drive head.  
Distilled water may be used to 
lubricate the O-ring if needed.  

 Add a probe rod (length to be 
determined by operator) and 
reattach the drive cap to the 
rod string.  Drive the sampler 
the entire length of the new rod 
with the throttle control at fast 
speed.

4. Repeat Step � until the desired 
sampling interval is reached.  
Approximately 1� inches (�05 mm) of the last probe rod must extend above the ground surface to allow 
attachment of the puller assembly.  A 1�-inch (�05 mm) rod may be added if the tool string is over-driven.

5. Remove the drive cap and retract the probe derrick away from the tool string.

FIGURE 4.1
Screen Point 16 Groundwater Sampler Assembly

SP16 Drive Head
(18�07*)

Sampler Sheath
(15187)

Expendable
Drive Point

(GW1555K**)

PE Grout Plug
(GW155�)

Wire-Wound Stainless Steel Screen
(GW15�0**)

O-Ring for GW15�0 Screen
(GW15�0R*)

Bottom Drive Head O-Ring
(1�196*)

Top Drive Head O-Ring
(15�89*)

Expendable Drive
 Point O-Ring
(GW1555R*)

 * Included in the SP16 O-ring Service Kit (15844)
 ** Part numbers show most common tool configuration.  

See Appendix A for alternative parts.

Probe Cylinder
 is Extended

Hydraulic
Hammer

Assembled
 Sampler

FIGURE 4.2
Screen Point 16 Groundwater Sampler in Driving Position
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4.6 Screen Deployment

1. Thread a screen push adapter (GW15�5) on an extension rod of suitable length (AT671, 1007�, or AT675).  
Attach a threaded coupler (AT68) to the other end of the extension rod.  Lower the extension rod inside of the 
probe rod taking care not to drop it down the tool string.  An extension rod jig (AT690) may be used to hold 
the rods.

2. Add extension rods until the adapter contacts the bottom of the screen.  To speed up this step, it is recommended 
that Extension Rod Quick Links (AT695 and AT696) are used at every other rod joint. 

3. Ensure that at least 48 inches (1�19 mm) of extension rod protrudes from the probe rod.  Thread an extension 
rod handle (AT69) on the top extension rod.

4. Maneuver the probe assembly into position for pulling.  

5. Raise (pull) the tool string while physically holding the screen in place with the extension rods (Fig. 4.�.B).  A 
slight knock with the extension rod string will help to dislodge the expendable point and start the screen 
moving inside the sheath.  

 Raise the hammer and tool string about 44 inches (1118 cm) if using a GW15�0 or GW15�0 screen.  At this 
point the screen head will contact the necked portion of the sampler sheath (Fig. 4.�.C.) and the extension 
rods will rise with the probe rods.  Use care when deploying a PVC screen so as not to break the screen when 
it contacts the bottom of the sampler sheath.  

 The Disposable Screen (16089) will extend completely out of the sheath if the tool string is raised more than 
45 inches (114� mm).  Measure and mark this distance on the top extension rod to avoid losing the screen 
during deployment.

6. Remove the rod grip handle, lower the hammer assembly, and retract the probe derrick.  Remove the top 
extension rod (with handle) and top probe rod.  Finally, extract all extension rods.

7. Groundwater samples can now be collected with a mini-bailer, peristaltic or vacuum pump, tubing  bottom 
check valve assembly, bladder pump, or other acceptable small diameter sampling device.

 When inserting tubing or a bladder pump down the rod string, ensure that it enters the screen interval.  The 
leading end of the tubing or bladder pump will sometimes catch at the screen head giving the illusion that 
the bottom of the screen has been reached.  An up-and-down motion combined with rotation helps move 
the tubing or bladder pump past the lip and into the screen.

4.7 Abandonment Grouting for GW1520 and GW1530 Screens

The SP16 Sampler can meet ASTM D 5�99 requirements for abandoning environmental wells or borings when 
grouting is conducted properly.  A removable grout plug makes it possible to deploy tubing through the bottom 
of GW15�0 and GW15�0 screens.  A GS500 or GS1000 Grout Machine is then used to pump grout into the open 
probe hole as the sampler is withdrawn.  The following procedure is presented as an example only and should be 
modified to satisfy local abandonment grouting regulations.

1. Maneuver the probe assembly into position for pulling.  Attach the rod grip puller to the top probe rod.  Raise 
the tool string approximately 4 to 6 inches (10� to 15� cm) to allow removal of the grout plug.  

 
2. Thread the Grout Plug Push Adapter (GW1540) onto an extension rod.  Insert the adapter and extension rod 

inside the probe rod string.  Add extension rods until the adapter contacts the grout plug at the bottom of the 
screen.  Attach the handle to the top extension rod.  When the extension rods are slightly raised and lowered, 
a relatively soft rebound should be felt as the adapter contacts the grout plug.  This is especially true when 
using a PVC screen.
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Screen head will not pass 
through end of sheath when 

using GW15�0
or GW15�0 Screen

Screen Push Adapter
contacts end of screen

Screen is exposed to 
formation fluid

Screen sealed within 
Sampler Sheath

O-ring seal at 
Drive Head

FIGURE 4.3
Screen Deployment for SP16 Sampler
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Drive Point
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FIGURE 4.4
Grouting the SP16 Sampler With a

GW1520 or GW1530 Screen
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FIGURE 4.5
Grouting the SP16 Sampler With a

16089 Disposable Screen
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3. Place a mark on the extension rod even with the top of the probe rod.  Apply downward pressure on the 
extension rods and push the grout plug out of the screen.  The mark placed on the extension rod should now 
be below the top of the probe rod.  Remove all extension rods.

 Note:  When working with a stainless steel screen, it may be necessary to raise and quickly lower the extension 
rods to jar the grout plug free.  When the plug is successfully removed, a metal-on-metal sensation may be 
noted as the extension rods are gently "bounced" within the probe rods.  

4. A Grout Nozzle (GW1545) is now connected to High-Pressure Nylon Tubing (116��) and inserted down through 
the probe rods to the bottom of the screen (Fig. 4.4).  It may be necessary to pump a small amount of clean 
water through the tubing during deployment to jet out sediments that settled in the bottom of the screen.  
Resistance will sometimes be felt as the grout nozzle passes through the drive head.  Rotate the tubing while 
moving it up-and-down to ensure that the nozzle has reached the bottom of the screen and is not hung up 
on the drive head.

 Note:  All probe rods remain strung on the tubing as the tool string is pulled.  Provide extra tubing length to allow 
sufficient room to lay the rods on the ground as they are removed.  An additional 20 feet is generally enough.

5. Operate the grout pump while pulling the first rod with the rod grip pull system.  Coordinate pumping and 
pulling rates so that grout fills the void left by the sampler.  After pulling the first rod, release the rod grip 
handle, fully lower the hammer, and regrip the tool string.  Unthread the top probe and slide it over the tubing 
placing it on the ground near the end of the tubing. 

6. Repeat Step 5 until the sampler is retrieved.  Do not bend or kink the tubing when pulling and laying out the 
probe rods.  Sharp bends create weak spots in the tubing which may burst when pumping grout.  Remember 
to operate the grout pump only when pulling the rod string.  The probe hole is thus filled with grout from the 
bottom up as the rods are extracted.

7. Promptly clean all probe rods and sampler parts before the grout sets up and clogs the equipment.

4.8 Abandonment Grouting for the 16089 Disposable Screen

ASTM D 5�99 requirements can also be met for the SP16 samplers when using the 16089 disposable screen.  
Because the screen remains downhole after sampling, the operator may choose either to deliver grout to the 
bottom of the tool string with nylon tubing or pump grout directly through the probe rods using an Injection Pull 
Cap (16698).  A GS500 or GS1000 Grout Machine is needed to pump grout into the open probe hole as the sampler 
is withdrawn.  The following procedure is presented as an example only and should be modified to satisfy local 
abandonment grouting regulations.

1. Maneuver the probe assembly into position for pulling with the rod grip puller.  

2. Thread the screen push adapter onto an extension rod.  Insert the adapter and extension rod inside the probe 
rod string.  Add extension rods until the adapter contacts the bottom of the screen.  Attach the handle to the 
top extension rod.  

3. The disposable screen must be extended at least 46 inches (1168 mm) to clear the bottom of the sampler 
sheath.  Considering the length of screen deployed in Section 4.7, determine the remaining distance required 
to fully extend the screen from the sheath.  Mark this distance on the top extension rod.  

4. Pull the tool string up to the mark on the top extension rod while holding the disposable screen in place.  

 The screen is now fully deployed and the sampler is ready for abandonment grouting.  Apply grout to the 
bottom of the tool string during retrieval using either flexible tubing (as described in Section 4.7) or an injection 
pull cap (Fig. 4.5).  This section continues with a description of grouting with a pull cap.
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5. Remove the rod grip handle and maneuver the probe assembly directly over the tool string.  Thread an Injection 
Pull Cap (16698) onto the top probe rod and close the hammer pull latch over the top of the pull cap.

6. Connect the pull cap to a Geoprobe® grout machine using a high-pressure grout hose.

7. Operate the pump to fill the entire tool string with grout.  When a sufficient volume has been pumped to fill 
the tool string, begin pulling the rods and sampler while continuing to operate the grout pump.  Considering 
the known pump volume and sampler cross-section, time tooling withdrawal to slightly "overpump" grout 
into the subsurface.  This will ensure that all voids are filled during sampler retrieval.

 The grouting process can lubricate the probe hole sufficiently to cause the tool string to slide back downhole 
when disconnected from the pull cap.  Prevent this by withdrawing the tool string with the rod grip puller 
while maintaining a connection to the grout machine with the pull cap.

4.9 Retrieving the Screen Point 16 Sampler

If grouting is not required, the Screen Point 16 Sampler can be retrieved by pulling the probe rods as with most 
other Geoprobe® applications.  The Rod Grip Pull System should be used for this process as it allows the operator 
to remove rods without completely releasing the tool string.  This avoids having the probe rods fall back downhole 
when released during the pulling procedure.  A standard Pull Cap (15164) may still be used if preferred.  Refer to the 
Owner's Manual for your Geoprobe® direct push machine for specific instructions on pulling the tool string.
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Equipment and tool specifications, including weights, dimensions, materi-
als, and operating specifications included in this brochure are subject to 

change without notice.  Where specifications are critical to your application, 
please consult Geoprobe Systems®.

Appendix A
ALTERNATIVE PARTS

The following parts are available to meet unique soil conditions. See section �.0 for a complete listing of the common 
tool configurations for the Geoprobe® Screen Point 16 Groundwater Sampler.

SP16 Sampler Parts and Accessories .......................................................................Part Number
SP16 Drive Head, 0.6�5-inch bore, 1.5-inch rods ................................................................................15188
Expendable Drive Points, aluminum, 1.6�5-inch OD (Pkg. of �5) .......................................... GW1555ALK
Expendable Drive Points, steel, 1.75-inch OD (Pkg. of �5) ............................................................. 17066K
Screen, PVC, 10-Slot ................................................................................................................................... GW15�0
Screen, Disposable, PVC, 10-Slot ..............................................................................................................16089

Groundwater Purging and Sampling Accessories .................................................Part Number
Polyethylene Tubing, 0.�5-inch OD, 500 ft. ...........................................................................................TB17L
Polyethylene Tubing, 0.5-inch OD, 500 ft. ..............................................................................................TB�7L
Polyethylene Tubing, 0.6�5-inch OD, 50 ft. ...........................................................................................TB50L
Check Valve Assembly, 0.�5-inch OD Tubing .................................................................................... GW4�40
Check Valve Assembly, 0.5-inch OD Tubing ...................................................................................... GW4��0
Check Valve Assembly, 0.6�5-inch OD Tubing ................................................................................. GW4��0
Water Level Meter, 0.�75-inch OD Probe, 100-ft. cable ................................................................. GW�001
Water Level Meter, 0.4�8-inch OD Probe, �00-ft. cable ................................................................. GW�00�
Water Level Meter, 0.�75-inch OD Probe, �00-ft. cable ................................................................. GW�00�
Water Level Meter, 0.4�8-inch OD Probe, �0-m cable ................................................................... GW�005
Water Level Meter, 0.4�8-inch OD Probe, 60-m cable ................................................................... GW�007
Water Level Meter, 0.�75-inch OD Probe, 60-m cable .................................................................... GE�008

Grouting Accessories ................................................................................................Part Number
Grout Machine, auxiliary-powered ........................................................................................................ GS500

Probe Rods, Extension Rods, and Accessories ........................................................Part Number
Probe Rod, 1.5-inch x 1-meter ...................................................................................................................17899
Probe Rod, 1.5-inch x 48-inch....................................................................................................................1��59
Drive Cap, 1.5-inch rods (for GH40 Series Hammer) .........................................................................15590
Rod Grip Pull Handle, 1.5-inch Probe Rods (for GH40 Series Hammer) ...................................GH1555
Extension Rod, 48-inch ................................................................................................................................AT671
Extension Rod, 1-meter ...............................................................................................................................AT675
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STANDARD OPERATING PROCEDURE 

Water Sample Collection for Volatile Organic 
Compounds 

Purpose and Scope 
This standard operating procedure (SOP) provides general guidelines for sampling aqueous 
volatile organic compound (VOC) samples. The standard techniques for collecting 
representative samples are summarized. 

Equipment and Materials 
• Field logbook 

• Equipment/instrument decontamination materials (see SOP, Decontamination of 
Personnel and Equipment) 

• Sample equipment, instruments, and materials (see SOP, Low-Flow Groundwater 
Sampling) 

• Laboratory-supplied analytical sample containers 

• Clean latex or nitrile gloves 

Procedure and Guidelines 
• Purge well, if possible, prior to collecting sampling in accordance with the SOP, 

Low-Flow Groundwater Sampling. 

• When sampling, evaluate the area around the sampling point for possible sources of air 
contamination by volatiles. Products that may give off volatiles and possibly 
contaminate a sample include perfumes and cosmetics, skin-applied pharmaceuticals, 
automotive products (gasoline, starting fluid, windshield deicers, carburetor cleaners, 
etc.), and household paint products (paint strippers, thinners, turpentine, etc.). 

• Keep the caps off the sample vials for as short a time as possible. 

• Wear clean latex or surgical gloves. 

• The flow rate of the pump should be equal to or less than the flow rate used to purge the 
monitoring well. 

• Fill the sample vial immediately, allowing the water stream to strike the inner wall of 
the vial to minimize formation of air bubbles. DO NOT RINSE THE SAMPLE VIALS 
BEFORE FILLING. 
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• Fill the sample vial with a minimum of turbulence, until the water forms a positive 
meniscus at the brim. 

• Replace the cap by gently setting it on the water meniscus. Tighten firmly, but DO NOT 
OVERTIGHTEN. 

• Invert the vial and tap it lightly. If you see air bubbles (larger than the size of a pea) in 
the sample, do not add more sample. Use another vial to collect another sample. Repeat 
if necessary until you obtain a proper sample. 

Key Checks 
• Check sample area for possible sources of contamination. Do not sample down wind of 

vehicle exhaust or gasoline containers. 

• Fill sample bottles slowly, minimize turbulence. 

• Check sample bottles for air bubbles. 

Attachments 
None. 
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STANDARD OPERATING PROCEDURE 

Decontamination of Drill Rigs and Equipment 

Purpose and Scope 
This standard operating procedure (SOP) provides methods for oversight of drill and direct-
push rig equipment and tooling decontamination (that is, the subcontractor is responsible 
for decontamination of equipment and tooling). Personnel decontamination procedures are 
not addressed herein. Refer to the health and safety plan and the SOP, Decontamination of 
Personnel and Equipment.  

Equipment and Materials 
• Field logbook 
• Safety glasses, gloves, steel toe boots, hearing protection 
• Portable steam cleaner and related equipment 
• Potable water 
• Phosphate-free detergent such as Alconox® or Liquinox® 
• Clean Department of Transportation (DOT)-approved 55-gallon steel drums and labels 
• Buckets 
• Brushes 
• Portable decontamination pad lined with plastic 

Procedures and Guidelines 
• Drill rigs and heavy equipment: 

− Before the onset of drilling or direct-push activities, the equipment shall be inspected 
to ensure that no residual contamination is brought onsite from other job sites. 

− Drill rigs and heavy equipment will be decontaminated using a detergent solution 
and high-pressure hot water within a decontamination pad at an area designated by 
field personnel. The equipment shall then be rinsed with potable water. The 
decontamination pad will be designed to contain decontamination wastes and waste 
waters and can be a high-density polyethylene (HDPE)-lined, bermed pad. A 
pumping system will be used to convey rinsate from the pad to DOT-approved 
55-gallon drums. 

− Field personnel will label the drums in accordance with the field sampling plan 
(FSP). 

• Downhole drilling tools: 

− Downhole tooling that contact environmental samples (that is, core barrels and 
groundwater sampling devices) will be decontaminated between sample intervals at 
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each boring location. The tooling will be scrubbed in a clean detergent solution and 
rinsed with potable water. 

− Other downhole tooling such as drill rods and auger flights will be decontaminated 
between borehole locations. Drill rods and auger flights will be decontaminated 
using a detergent solution and high-pressure hot water wash within a 
decontamination pad at an area designated by field personnel. The tooling shall then 
be rinsed with potable water. The decontamination pad will be designed to contain 
decontamination wastes and waste waters and can be an HDPE-lined, bermed pad. 
A pumping system will be used to convey rinsate from the pad to DOT-approved 
55-gallon drums. 

Key Checks 
• Ensure that all equipment and tooling is clean prior to beginning work at a new site or 

sample location. 

• Ensure that the pressure washer hoses are in good condition and not damaged prior to 
and while conducting field activities. 

• Equipment rinsate blanks will be collected for locations in which environmental samples 
are collected. The rinsate blank will be collected by pouring American Society for 
Testing and Materials (ASTM) Type II Reagent Grade water over a piece of sampling 
equipment and collecting the rinsate in laboratory-supplied sample containers. 

Attachments 
None. 
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STANDARD OPERATING PROCEDURE 

Decontamination of Personnel and Equipment 

Purpose and Scope 
This standard operating procedure (SOP) provides general guidelines for the 
decontamination of personnel, sampling equipment, and monitoring equipment used in 
potentially contaminated environments. This is a general description of decontamination 
procedures for personnel and equipment used for environmental sampling purposes. This 
SOP does not cover the decontamination of drill rigs or other large equipment. That topic is 
discussed in the SOP, Decontamination of Drill Rigs and Equipment. 

Equipment and Materials 
• Distilled, organic-free water 
• Clean plastic sheet 
• Phosphate-free detergent such as Liquinox® or Alconox® 
• Clean Department of Transportation (DOT)-approved 55-gallon steel drum and label 
• 5-gallon buckets 
• Brushes 
• Garden spray bottles for equipment wash and rinse 
• Paper towels or drying cloths 
• Clean latex or nitrile gloves 
• Decontamination pad lined with plastic to catch wash and rinse water 

Decontamination of Personnel 
Decontamination of field personnel shall be performed after the completion of tasks with 
the potential of contamination and before leaving the exclusion zone. Personnel working in 
Level D personal protective equipment (PPE) must properly dispose of sampling gloves. 
Hands and other skin exposure points to contamination shall be washed in a detergent 
solution and rinsed. Boots or clothing that become grossly contaminated also shall be 
washed in a detergent solution. In the event that Modified Level D PPE is required, the 
following decontamination procedures shall be performed: 

• Wash boots in detergent solution, then rinse with water. If disposable latex booties are 
worn over boots in the work area, rinse with detergent solution, remove, and discard 
into a drum. 

• Wash outer gloves in detergent solution, rinse, remove, and discard into the drum. 

• Remove disposable coveralls (such as Tyvek® suits) and discard into the drum. 

• Remove inner gloves and discard. 

• At the end of the work day, shower the entire body, including hair. 
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Decontamination of Sample Equipment  
This section includes the decontamination of sample equipment (for example, stainless steel 
soil sampling tools, water level meter, and groundwater quality equipment) and includes 
the following: 

• Spread plastic on the ground surface to keep clean sample equipment from touching the 
ground surface. 

• Equipment may be decontaminated in 5-gallon buckets. 

• Thoroughly scrub the sample equipment in a detergent wash solution. Do not immerse 
nonwaterproof electronic equipment in the wash solution as this may damage electronic 
components. These types of equipment should be wiped down with a soapy paper 
towel. Avoid damaging any sensors on water quality meters while washing these units. 

• Provide a second and third rinse of the sample equipment to remove detergent from the 
equipment. Care must be taken to ensure that no detergent is left on sample equipment, 
particularly equipment placed in monitoring well risers, as this may affect future 
sampling. 

• For groundwater pumps, submerge the pump in the decontamination liquids as to allow 
the detergent solution and rinse water to pass through interior components of the pump. 

• Allow the equipment to air dry in a clean, non-dusty, environment. 

• Wash and rinse decontamination buckets at the end of the field work. 

• Decontamination water will be containerized in 55-gallon drums staged in a designated 
drum staging area. 

Key Checks 
• Make sure equipment is thoroughly cleaned and rinsed prior to use at another sample 

location or site. 

• Properly store equipment as to maintain cleanliness when not in use. 

• Refill decontamination buckets with clean water and detergent solution at the start of 
each day. 

Attachments 
Drum inventory forms 
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Week: Week: Week: Week:
General Inspection Information
Inspection performed by:
Staging location:
Date of inspection:
Time of inspection:

IDW Quantity and Storage
Total number of 55-gallon drums:
    - Soil:
    - Aqueous:
    - Other (specify):
Total number of poly tanks:
    - Tank # and volume
    - Tank # and volume
    - Tank # and volume
    - Tank # and volume
Total number of roll-off boxes:
    - Box # and volume
    - Box # and volume
    - Box # and volume
    - Box # and volume

Labeling
Labels are visible on all storage containers?
Contents clearly marked?
Source location clearly marked?
Accumulation start date clearly marked?
Project name and contact clearly marked?

Physical Condition
Leakage?
Deterioration of container?
Dents or irregularities in shape?
Bulges?
Drum lids secured and tightly bolted?

Storage Conditions
Drums stored on pallets?
Secondary containment provided?
Sufficient aisle space between drums?

Month:

IDW INSPECTION FORM
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STANDARD OPERATING PROCEDURE 

Monitoring Well Installation and Development 

Purpose and Scope 
This standard operating procedure (SOP) provides field personnel with a review of the 
monitoring well (MW) installation procedures that will be performed. These procedures are 
to be considered general guidelines and are not intended to supplement or replace the 
contractual specifications with the subcontractor. MWs will be installed in accordance with 
the Missouri Well Construction Rules (10 Code of State Regulations [CSR] 23-1.010 through 
6.060). 

Equipment and Materials 
• Missouri well installers permit 

• Field logbook 

• Clean Department of Transportation (DOT)-approved 55-gallon steel drums with labels 

• Equipment/instrument decontamination materials (see SOP, Decontamination of 
Personnel and Equipment) 

• Drill rig equipped with tooling for hollow-stem auger drilling methods  

• MW construction materials including but not limited to slotted polyvinyl chloride (PVC) 
screen, PVC riser, concrete, sand, bentonite chips, bentonite granules, well cap, lock, and 
well protector 

• Water level meter 

• Whale pump or other type of submersible high flow rate pump 

• Disposable polyethylene tubing 

• Groundwater quality meter capable of measuring groundwater quality parameters 
including temperature, specific conductivity, turbidity, and pH 

• Bailer or surge block for MW development with cord/string 

• Clean latex or nitrile gloves 

Procedures and Guidelines 
The procedures and guidelines presented in this SOP discuss the installation and 
development of MWs. The installation and development of temporary piezometers is not 
included in this SOP. Temporary piezometers are not installed in the same manner as MWs 
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nor do they undergo well development. Groundwater grab samples are collected from these 
temporary piezometers. 

Monitoring Well Installation 
• MWs will be installed in accordance with the Missouri Well Construction Rules (10 CSR 

23-1.010 through 6.060). All CH2M HILL personnel overseeing the installation of MWs 
in Missouri must possess a Missouri well installers permit. 

• MWs in unconsolidated materials will be installed in at least 6-inch-diameter boreholes 
drilled using hollow-stem auger drilling techniques. 

• MWs installed in cased boreholes shall not be installed less than 48 hours after the 
permanent casing has been grouted in place. This will allow for the cement grout 
around the permanent casing to cure. 

• MWs will be constructed of 2-inch-diameter, factory manufactured, flush-jointed, 
Schedule 40 PVC riser and screen with a threaded bottom plug. The threaded 
connections will be water tight. MW screens will be constructed of 10-slot Schedule 40 
PVC and will be at least 5 feet long. The exact length of the screen will be determined by 
the subsurface lithology and/or water table. 

• The filter pack shall consist of silica sand and shall extend from the bottom of the hole to 
at least 2 feet above the top of the MW screen (can be less than 2 feet for shallow MWs in 
order to meet the grouting requirements). When using hollow-stem augers, the filter 
pack will be installed by slowly pouring the sand into the annular space while 
simultaneously raising the augers and using a weighted tape to sound for the sand 
surface. If the screen is set more than 25 feet into the saturated zone, the filter placement 
must be by tremie pipe. 

• Care must be exercised to ensure that the well screen and sand filter pack do not overlap 
with the bottom of the permanent well casing (if applicable). 

• The bentonite seal shall be placed directly over the primary filter pack and must be at 
least 2 feet thick. For MWs installed using hollow-stem augers, the bentonite will be 
poured into the annular space while slowly raising the augers and sounding for the top 
of the bentonite with a weighted tape. 

− When placing the bentonite seal in the saturated zone, only chipped or pelletized 
bentonite may be used.  

− When placing the bentonite seal in the unsaturated zone, the used of chipped, 
pelletized, or granular bentonite should be placed in 1-foot layers and hydrated in 
place with potable water before succeeding layers are placed. 

• The top of the bentonite seal will be measured after it has been allowed to hydrate and 
before the annular seal is applied. 

• The annular seal must extend from the bentonite seal to the base of the protective casing.  
The type of grout used for the annular seal will consist of a high solids sodium bentonite 
slurry, at least 20 to 30 percent weight by solids. The grout will be mixed in accordance 
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with manufacturer’s instructions to achieve a density of at least 9.4 pounds per gallon. 
Grout density should be measured with a mud scale. Grout shall be pumped using a 
side-discharge tremie pipe, and pumping shall continue until 20 percent of the grout has 
been returned to the surface. In MWs where the bentonite seal is visible and within 30 
feet of the ground surface, the 20 percent return is not necessary so long as the tremie 
pipe is pulled back as the grout is placed. 

• For flush-mounted MW completions, the flush-mount assembly must be at least 8 inches 
long and have a lockable watertight cap. The riser pipe of the MW must be cut off at 
least 2 inches below the top of the flush-mount assembly to allow room for the 
watertight cap. The flush-mount assembly must be set into a hole that is at least 8 inches 
in diameter larger than the diameter of the assembly itself and set in concrete. If the MW 
is being placed through asphalt or concrete, a hole that is at least 4 inches in diameter 
larger than the diameter of the flush-mount assembly must be drilled. The assembly 
must then be set in concrete. Where heavy traffic may pass over the MW or for other 
reasons, the concrete pad and valve box/lid assembly shall be constructed to meet the 
strength requirements of surrounding surfaces. The concrete pad will be finished in such 
a manner such that surface water drains away from the completion. 

• MWs shall be secured as soon as possible after drilling. Corrosion-resistant locks should 
be used. The locks must either have identical keys or be keyed for opening with one 
master key.  

• Drilling equipment shall be decontaminated between borehole locations (see SOP, 
Decontamination of Drill Rigs and Equipment). 

• A record of the constructed MW will be completed by the drilling company and 
submitted to Missouri Department of Natural Resources Geological Survey and 
Resource Assessment Division (MDNR GSRAD). 

• Soil and liquid materials generated during MW installation will be containerized in steel 
55-gallon drums for characterization and disposal. CH2M HILL will label the drums in 
accordance with the field sampling plan (FSP). The drums will be staged in a temporary 
drum staging area. 

• Write the new MW identification on the MW cap and protector. Set a survey flag 
adjacent to the MW pad to ease the surveyor’s job of distinguishing new MWs from old. 

Monitoring Well Development 
The purpose of MW development is to remove fine-grained material from the well screen 
and filter pack that may interfere with analyses and return the monitoring zone to its 
original hydraulic state, which was disturbed during well installation. Development also 
will redistribute the sand grains within the filter pack to allow for coarser sand material to 
congregate near the slotted screen. The MW should be capable of producing clear water 
samples using appropriate sample methods; however, when MWs are completed in a silty 
or clayey soil or the MW screen straddles the groundwater surface, the groundwater 
discharged from the MW may never clear up (that is, turbidity readings less than 10 
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nephelometric turbidity units [NTUs]). The following procedures and guidelines shall be 
followed during MW development: 

• New MWs will be developed after the MW has been installed and the grout has cured 
(at least 48 hours). 

• Field equipment and supplies shall be placed on clean plastic sheeting to minimize 
contamination of the materials. 

• Measure depth to groundwater in accordance with the SOP, Water Level Measurements. 

• The MW will be developed using bailers or pumps. Nondisposable equipment to be 
placed in the MW will be decontaminated before use in accordance with the SOP, 
Decontamination of Personnel and Equipment. 

• Development includes surging the MW throughout the development process by rapidly 
moving the bailer or surge block up and down, or abruptly stopping pump flow and 
allowing water in the MW column to fall back into the MW. Pumps must not be fitted 
with foot valves or other devices that might inhibit the return flow of water to the MW. 

• MWs must be developed until water representative of the formation is discharged. The 
volume of groundwater removed from the MW during development shall be a 
minimum of five times the MW volume, including the volume of water in the sand filter 
pack (assume 30 percent porosity). This volume also should take into consideration the 
volume of fluid lost to the formation during drilling or added to the MW during 
development (if any). 

• Groundwater parameters including temperature, pH, turbidity, and specific 
conductivity will be measured between MW volumes using a water quality meter 
capable of measuring these parameters. 

• Well development will be continued until the required well volume is removed and the 
well water parameters have stabilized according to the following conditions: 

− The temperature, pH, and specific conductivity have stabilized to ± 1 degree Celsius 
(ºC), ± 0.1 pH units, and ± 5 percent milliSiemens per centimeter, respectively, over 
three consecutive readings (10-minute interval readings) at a pumping rate no less 
than the pumping rate used for sampling (approximately 0.5 liter per minute). 

− The turbidity remains within a 10 NTU range below 25 NTUs for at least 30 minutes, 
and other parameters have stabilized to above criteria. 

− If, after 3 hours of purging, the turbidity is below 25 NTUs, but has not stabilized 
within the 10 NTU range, and other parameters have stabilized to the above criteria, 
then the well will be considered developed. 

• A well also will be considered developed if it is purged dry. 

• All field equipment shall be decontaminated in accordance with the SOP, 
Decontamination of Personnel and Equipment. 
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• Development water will be containerized in steel 55-gallon drums. The drums will be 
labeled in accordance with the FSP and transported to the temporary drum staging area. 

Key Checks 
Monitoring Well Installation 
• Ensure that drill rig and equipment is properly decontaminated prior to beginning work 

and between borehole locations. 

• Verify the depths to the bottom of the borehole, top of sand pack, top of bentonite seal; 
length of end cap, screen, and riser; and amounts of sand and bentonite used during 
installation with the subcontractor. Log this information in the field logbook and/or the 
MW construction form. Confirm that the methods used during MW installation are in 
accordance with this SOP. 

• Ensure that the MW completion is installed properly and will not interfere with site 
operations. 

Monitoring Well Development 
• If using a pump for MW development, ensure that it is in proper working order. 

• Inspect all equipment or materials to be inserted into the MW as to make sure they are 
clean and will not compromise the integrity of the MW. 

• When surging the MW, ensure that the bailer or surge block is moved across the entire 
length of the MW screen. 

Attachments 
• Monitoring Well Development Log 
• Monitoring Well Completion Diagram: Flush-Mount Completion Without Casing 
• Monitoring Well Completion Diagram: Flush-Mount Completion With Casing 
 



PROJECT NUMBER WELL NUMBER

SHEET          OF      

WELL COMPLETION DIAGRAM

PROJECT :  LOCATION :
DRILLING CONTRACTOR :
DRILLING METHOD AND EQUIPMENT USED :
WATER LEVELS : START : END :   LOGGER :  

3

3b 2 1 1- Ground elevation at well

2- Top of casing elevation

3a 3- Wellhead protection cover type
a) drain tube?
b) concrete pad dimensions

8
4- Dia./type of well riser

5- Type/slot size of screen

7
6- Type screen filter

4 a) Quantity used

7- Type of seal
a) Quantity used

5 8- Grout
a) Grout mix used
b) Method of placement
c) Vol. of well casing grout

Development method
6

Development time

Estimated purge volume

Comments

12a_Flush MW Dia_No Casing.xls



PROJECT NUMBER

WELL COMPLETION DIAGRAM

PROJECT :  LOCATION :
DRILLING CONTRACTOR :
DRILLING METHOD AND EQUIPMENT USED :
WATER LEVELS : START : END :   LOGGER :  

3

3b 2 1 1- Ground elevation at well

2- Top of casing elevation
a) vent hole?

3a 5
3- Wellhead protection cover type

9 a) weep hole?
b) concrete pad dimensions

4- Dia./type of well casing

5- Dia./type of surface casing
8

4 6- Type/slot size of screen

7- Type screen filter
a) Quantity used

6
8- Type of seal

a) Quantity used

9- Grout
a) Grout mix used

7 b) Method of placement
c) Vol. of surface casing grout
d) Vol. of well casing grout

Development method

Development time

Estimated purge volume

Comments

WELL NUMBER

SHEET   1 of 1

12b_Flush MW Dia_Casing.xls



PROJECT NUMBER WELL NUMBER

SHEET   OF   

WELL DEVELOPMENT LOG

PROJECT :       LOCATION : 
DEVELOPMENT CONTRACTOR :   LOGGER :  
DEVELOPMENT METHOD AND EQUIPMENT USED : 
START : 
END : 

START WATER LEVELS :
WELL DEPTH:
WELL VOLUME:  
MAXIMUM DRAWDOWN DURING DEVELOPMENT:
TOTAL QUANTITY OF WATER DISCHARGED:
DISPOSITION OF DISCHARGE WATER:

Water Volume Water Specific
Discharged Level Turbidity Temperature Conductivity Remarks

Time (gal) (ft BTOC) (NTU) (°C) pH (mS/cm) (color, odor, sheen, sediment, etc.)

12c_Well Development Form.xls
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STANDARD OPERATING PROCEDURE 

Water Level Measurements 

Purpose and Scope 
This standard operating procedure (SOP) provides guidelines for measuring depths to 
groundwater in soil borings, piezometers, and monitoring wells. This SOP also covers the 
topic of measuring light nonaqueous phase liquid (LNAPL) that may be present. It includes 
only guidelines for discrete measurements of static water levels and does not discuss the use 
of continuously recording loggers. 

Equipment and Materials 
• Field logbook 

• Equipment/instrument decontamination materials (see SOP, Decontamination of 
Personnel and Equipment) 

• Well keys and wrenches/T-bar 

• Clean latex or nitrile gloves 

• Electronic water level meter or oil/water interface probe (Solinst® or equivalent) with a 
minimum 100-foot tape with graduations in increments of 0.01 foot or less 

Procedures and Guidelines 
• Set up and calibrate instruments in accordance with manufacturer’s instructions. 

• Decontaminate equipment/instruments in accordance with the SOP, Decontamination of 
Drill Rigs and Equipment. 

• Open the protective cover.  

• Unlock and remove all monitoring well caps. A minimum time of 30 minutes shall be 
allotted between the removal of a well cap and measuring the depth to groundwater in 
the same monitoring well. This will allow the groundwater surface to stabilize within 
the riser prior to taking a measurement. 

• Slowly lower the probe into the monitoring well or soil boring until the probe just 
contacts the groundwater surface; the unit will respond with a tone or light signal. Make 
sure that the top of the riser pipe does not have a sharp edge that may damage the 
protective coating around the wires in the tape. 

• The depth to groundwater shall be noted relative to a reference point indicated on the 
monitoring well riser pipe. If no reference is clearly visible, reference the northern edge 
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of the riser pipe or soil boring. Measure the distance from this point to the closest 
interval marker on the tape, and record the water level reading in the field logbook.  

• Water levels will be measured to the nearest 0.01 foot. 

• To standardize elevations between flush-mount and aboveground monitoring wells, 
measure distance between the top of riser and ground surface to get depth below 
ground surface measurement.  

• Record the condition of the concrete pad, padlock, well cap, protective cover, and 
bollards (if present).  

• If a significant amount of time has passed since the wells were last measured (or if total 
well depth information is not available to the field team), the total depth of the 
monitoring well or soil boring should be recorded in the field logbook. The total well 
depth shall be measured in the same manner as the depth to groundwater. 

• Decontaminate the probe and tape in accordance with the SOP, Decontamination of 
Personnel and Equipment. 

If LNAPL is anticipated or encountered, an oil/water interface probe shall be used to 
determine the depth to the top of LNAPL and depth to groundwater. If LNAPL is 
encountered, a solid tone will sound from the oil/water interface probe. The probe must be 
lowered very slowly through the LNAPL to obtain an accurate depth to groundwater 
without agitating the LNAPL. When the probe passes through the LNAPL and contacts 
groundwater, the solid tone will change to a beeping tone. The depths to both media shall 
be measured in the same manner as previously discussed and recorded in the field logbook. 
If possible, the color and consistency of the LNAPL also shall be recorded in the field 
logbook. 

Key Checks 
• Before each use, verify that the battery of the water level meter or oil/water interface 

probe is charged by pressing the test button on the side of the unit.  

• Verify that the unit is operating correctly by testing the probe in distilled or deionized 
water.  

• Inspect the tape for abrasions that have may have exposed the wires. The unit will not 
function properly if there is a short in the wiring. 

Attachments 
None.  
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STANDARD OPERATING PROCEDURE 

Low-Flow Groundwater Sampling 

Purpose and Scope 
This standard operating procedure (SOP) presents general guidelines for collecting 
groundwater or groundwater grab samples from monitoring wells using low-recovery 
sampling techniques. The SOP, Water Level Measurements, should be consulted in conjunction 
with this SOP. This SOP does not cover purging and sampling of monitoring wells by bailing or 
other high-flow methods. The SOP, Groundwater Sampling – Bailer Method, should be consulted if 
a monitoring well cannot be purged and sampled using low-flow groundwater sampling 
techniques. 

To avoid cross-contamination, wells will be purged and sampled such that the well having the 
lowest suspected contamination is sampled first, and the well having the highest suspected 
contamination is sampled last.  

Equipment and Materials 
• Field logbook 

• Clean latex or nitrile gloves 

• Clean Department of Transportation (DOT)-approved 55-gallon steel drums with labels 

• Clean 5-gallon bucket  

• Peristaltic pump with portable battery 

• Water level meter 

• Groundwater quality meter capable of collecting groundwater quality parameters using a 
flow-through cell (Horiba U-22 or similar water quality meter; capable of measuring 
temperature, specific conductance, dissolved oxygen, turbidity, pH, and oxidation-
reduction potential [Eh, or ORP] or equivalent) 

• Turbidity meter to obtain more accurate turbidity readings 

• Disposable polyethylene tubing 

• Disposable silicon tubing  

• Measuring cup to assess flow rate 

• Stopwatch 

• Equipment/instrument decontamination materials (see SOP, Decontamination of Personnel 
and Equipment) 
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• Laboratory-supplied analytical sample containers 

Water Quality Indicator Parameters 
The six field indicator parameters to be monitored include dissolved oxygen, turbidity, ORP, 
specific conductance, pH, and temperature. Of these, dissolved oxygen, ORP, specific 
conductance, pH, and temperature are moderately to extremely sensitive to contact with 
atmospheric oxygen and will be measured in-line using a flow-through cell. Turbidity also will 
be measured separately to reduce the influence of suspended solids that are retained in the 
flow-through cell. Indicator parameters will be monitored continuously during purging and 
values recorded every 5 minutes. 

Dissolved Oxygen, ORP, Specific Conductance, pH, and Temperature 
The stabilization criteria for dissolved oxygen, ORP, specific conductance, pH, and temperature 
are three successive readings at 5-minute intervals (for flow rate equal to or greater than 
100 milliliters per minute [mL/min]) within the following ranges: 

• Dissolved oxygen: ±0.1 milligrams per liter (mg/L) for values less than 1 mg/L, or 
±10 percent for values greater than 1 mg/L 

• Eh (ORP): ±10 millivolts (mV) 

• Specific conductance: ±1 percent of full-scale reading (instrument repeatability) or default 
±20 µmho/cm 

• pH: ±0.1 unit 

• Temperature: ±0.5 degrees Celsius (°C) 

It should be noted that the parameters may not stabilize before collecting a sample in 
accordance with the procedures for purging a low-recovery well. 

Turbidity 
Turbidity is considered stabilized if values are less than 50 nephelometric turbidity units (NTU) 
for three successive readings at 5-minute intervals (assuming a 100 mL/minute flow rate). If the 
other parameters stabilize but turbidity remains greater than 50 NTU, field personnel should 
continue purging at the determined sustainable flow rate to see whether the turbidity decreases 
with additional pumping. If turbidity does not decrease, the project manager should be notified. 
It should be noted that turbidity measurements may not stabilize within the aforementioned 
criteria before collecting a sample in accordance with the procedures for purging a low-recovery 
well. 

Procedures and Guidelines (Low-Recovery Well) 
A “low-recovery” well is a well in which stabilized water level cannot be obtained, regardless of 
pumping rate or equipment type. If a purge rate of 100 mL/min causes excessive drawdown or 
alternative equipment with flow rates less than 100 mL/minute cannot be used, the following 
procedure should be used: 

1. Set up and calibrate instruments in accordance with manufacturer’s instructions. 
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2. Decontaminate sampling equipment and other instruments to be placed in the monitoring 
well riser before sampling in accordance with the SOP, Decontamination of Personnel and 
Equipment. 

3. Before performing low-flow sampling, measure the depth to groundwater as described in 
the SOP, Water Level Measurements. Do not measure the depth to the bottom of the well at 
this time in order to reduce the possibility that accumulated sediment in the well will be 
disturbed. Obtain total well depth from the monitoring well development log. (If required, 
perform a sitewide groundwater monitoring event to obtain groundwater elevations for 
monitoring wells at the site.)  

4. Place field equipment and supplies on clean plastic sheeting to minimize contamination. 

5. Collect the following information:  
− Obtain well casing and borehole diameters. 

− Determine saturated casing volume and saturated borehole volume (casing volume + 
saturated filter pack volume). 

− Determine saturated casing volume above the tubing intake. 

− Determine sampling system volume (volume capacity of tubing and flow-through cell). 

− Determine volume necessary to collect required samples, including quality assurance/ 
quality control samples. 

6. Connect the silicone tubing to the peristaltic pump. 

7. Slowly lower the polyethylene tubing to the top of the water column. The field team shall 
use a tape measure to measure out the tubing as it is lowered into the monitoring well. The 
tape measure should not be lowered with the tubing. 

8. The tubing intake should be placed in the middle of the well screen if the entire length of the 
well screen is below the potentiometric surface. If the potentiometric surface is within the 
well screen, the intake should be set approximately 2 feet off the bottom of the well to 
minimize the intake of fines accumulated on the bottom of the well and maximize the length 
of water column above the tubing intake. 

9. Cut the polyethylene tubing, secure to the top of the well riser with a clamp, and connect to 
the silicone tubing in the peristaltic pump. Allow for enough excess polyethylene tubing in 
the event that water does not recharge as fast as the pumping rate, therefore needing to 
lower the tubing further into the well. 

10. Ensure that the pump flow direction is correct on the peristaltic pump. It is best to verify the 
flow direction before connecting the polyethylene tubing by inserting the silicone tubing in 
a cup of distilled water. Turn pump on and adjust the flow rate as to not exceed 0.1 liter per 
minute (L/min) (0.026 gallon per minute).  

11. Determine whether the saturated casing volume above the tubing intake is sufficient for at 
least two sampling system volumes plus required samples. 

11a. If the casing volume above the tubing intake is sufficient for at least two sampling 
system volumes plus required samples, purge slowly at a constant flow rate, measure 
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and record water level and field indicator parameters every 500 milliliters (mL) until 
two or more system volumes have been removed, collect samples, and document 
conditions and procedures. (Note: Water level will not be stable [that is, drawdown 
will occur] and indicator parameters may not be stable.) 

11b. If the casing volume above the tubing intake is not sufficient for at least two sampling 
system volumes plus required samples, but is sufficient for at least one sampling 
system volumes plus required samples, purge slowly at a constant flow rate; measure 
and record water level and field indicator parameters every 500 mL until one (or 
available) system volumes have been removed; collect samples; document conditions 
and procedures. (Note: Water level will not be stable [that is, drawdown will occur] 
and indicator parameters may not be stable.) 

11c. If the casing volume above the tubing intake is sufficient for required samples only, 
determine whether it is acceptable to collect samples without purging. If this is 
acceptable for project purposes, collect samples at a constant flow rate without 
purging, document conditions and procedures. 

11d. If the casing volume above the tubing intake is not sufficient for required samples, 
determine whether samples can be prioritized and if it is acceptable to collect priority 
samples without purging. If this is acceptable for project purposes, collect the priority 
samples at a constant flow rate without purging, and document conditions and 
procedures. 

11e. If the casing volume above the pump intake is not sufficient for required samples, 
samples cannot be prioritized, or it is unacceptable for project purposes to collect 
samples without purging, do not sample and document conditions. 

11f. If the well cannot be sampled using the low-recharge procedure, determine whether 
the well can be removed from the monitoring network. 

12. Turn on the groundwater parameter field instrument and let the readings stabilize. Once 
temperature has stabilized for 30 seconds, record initial groundwater parameters and depth 
to groundwater on a groundwater purging and sampling form. 

13. Purged groundwater can be initially containerized in a plastic 5-gallon bucket and 
subsequently transferred to a clean 55-gallon steel drum. 

14.  If the well was purged, disconnect the polyethylene tubing from the flow-through cell. 
Groundwater samples must never be collected from the outlet of the flow-through cell. 
When collecting samples, ensure that the flow rate of the pump is equal to or less than the 
flow rate used to purge the monitoring well. If the well was unable to be purged, 
groundwater samples shall be collected after pumping begins. Collect groundwater samples 
directly from the outlet of the polyethylene tubing starting with volatile organic compound 
(VOC) samples first. VOC samples shall be collected in accordance with the SOP, Water Sample 
Collection for VOCs. 

15. Following the collection of groundwater samples, label the sample containers and place the 
samples in an ice-bearing cooler away from sources of cross contamination. 
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16. Remove the tubing from monitoring well and discard. Secure the well cap and lid on the 
well immediately after removing the tubing to prevent objects from being dropped in the 
well.  

17. Decontaminate all equipment and instruments in accordance with the SOP, Decontamination 
of Personnel and Equipment. 

18. Store instruments in accordance with the manufacturer’s instructions. 

19. Purged groundwater will be handled in accordance with the field sampling plan. 

Key Checks 
• Ensure that the water quality meters are calibrated and cared for in accordance with 

manufacturer’s instructions. 

• Check that the flow direction switch on the peristaltic pump is in the correct direction. Flow 
in the wrong direction may create bubbles in the well riser, thus affecting dissolved oxygen 
readings. 

• Charge battery to peristaltic pump and water quality meter when not in use. Low battery on 
the water quality meter may not allow unit to connect properly with sonde. 

Attachments 
• Groundwater Purging and Sampling Form 



Project Name:__________________________________________ Project Number:_________________  
Sample Source (Well No./Location):____________________________ Date:  ____/_____/______
Weather Conditions:_____________________________________________
Well Condition:_________________________________________________
Sample Team: _________________________________________________
Sample Equipment:______________________________________________

Datum _____________________ Well Volume: Time Purging begins (To)_________

Well Depth __________________ (ft)      1V = ___________________(gal) Water Level at time To ________________

Static Water Level ____________ (ft)       3V = ___________________(gal) Time Purging ends (T1) __________

Water Column ________________(ft)       5V = ___________________(gal) Water Level at time T1 ________________

Diameter :___"_______________ Pumping System Volume ______________(gal)

Time
Volume 

Removed pH SPCOND.(mS/cm) TEMP.(C) Redox (mV) Water level (Ft) D.O. (mg/L) Turbidity Purge rate
+ / - 0.1 + / - 20 umho/cm1 + / - 0.5 + / - 10 mV < 1.0 ft + / - 10%2 (NTU) (Lpm) Appearance

1 Specific conductance: +/- 1% of full-scale reading (instrument repeatability) or default +/- 20 μmho/cm
2 Dissolved oxygen:  +/- 0.1 mg/L for values < 1 mg/L, or +/- 10% for values >1 mg/L

Sample ID:_________________________________________                                       
Analysis:________________________________________________________________________________
Date:___/______/___________  
Time:_________________                  
Field Filtering:_____________________Filter Type __________________
Laboratory:____________  Method of Shipment:_________________
Remarks:_____________________________________________________________________________
_______________________________________________________________________________________

Well Stabilization Data

Sample Information

Groundwater Purging and Sampling Form

Sheet          of
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STANDARD OPERATING PROCEDURE 

Groundwater Sampling – Bailer Method 

Purpose and Scope 
This standard operating procedure (SOP) presents general guidelines for collecting 
groundwater samples from monitoring wells with a short water column at which standard 
low-flow purging and sampling techniques are not viable due to the head differential 
between the tubing intake and ground surface. The SOP, Water Level Measurements, should 
be consulted in conjunction with this SOP.  

Equipment and Materials 
• Field logbook 

• Clean latex or nitrile gloves 

• Clean Department of Transportation (DOT)-approved 55-gallon steel drums with labels 

• Clean 5-gallon bucket  

• Water level meter 

• Bailer with a double check valve and sample port to control collection flow rate 

• Non-absorbing string (that is, polyethylene) 

• Equipment/instrument decontamination materials (see SOP, Decontamination of 
Personnel and Equipment) 

• Laboratory-supplied analytical sample containers 

Procedures and Guidelines 
1. Decontaminate nondedicated sampling equipment and other instruments to be placed in 

the monitoring or temporary well riser before sampling in accordance with SOP, 
Decontamination of Personnel and Equipment. 

2. Before performing sampling, measure the depth to groundwater as described in the 
SOP, Water Level Measurements. Do not measure the depth to the bottom of the well at 
this time in order to reduce the possibility that accumulated sediment in the well will be 
disturbed. Obtain depth to bottom information from the monitoring well development 
log. (If required, perform a sitewide groundwater monitoring event to obtain 
groundwater elevations for monitoring wells at the site.)  

3. Place field equipment and supplies on clean plastic sheeting to minimize contamination. 
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4. Collect the following information:  
− Obtain well casing and borehole diameters. 

− Determine saturated casing volume and saturated borehole volume (casing 
volume + saturated filter pack volume). 

− Determine volume necessary to collect required samples, including quality 
assurance/quality control samples. 

5. Attach a sufficient length of clean line to the bailer to reach to the desired groundwater 
sample depth, and secure the end of the string to the sampler’s wrist to prevent the line and 
bailer from being lost down the well.  

6. Slowly lower the bailer into the well. Do not let the bailer “free fall” and do not allow the 
bailer to touch the bottom of the well. Try to lower the bailer to the same approximate 
depth each time, preferably within the screened interval of the monitoring well.  

7. Retrieve the bailer slowly and smoothly (do not surge the well) and do not let the line 
touch the ground. 

8. Purge at least one well volume (saturated casing and saturated borehole volume) and 
re-measure the depth to groundwater.  

a. If a sufficient amount of groundwater is available to collect in the sample containers, 
the next bailer pulled from the well shall be used for sample collection. 

b. If an insufficient amount of groundwater is available, the bailer should be wrapped 
in plastic and stored in a clean location. The sampler shall return to the well 
periodically (but not more than 24 hours after purging) to check for groundwater 
recharge. Once sufficient groundwater has recharged, collect the sample. 

9. To transfer the groundwater from the bailer to the sample container, connect a 
disposable sampling tip to the end of the bottom-filling bailer. 

10. Collect samples into the appropriate containers.  

11. When all samples have been collected, discard the string and bailer.  

12. Store instruments in accordance with the manufacturer’s instructions. 

13. Purged groundwater will be handled in accordance with the field sampling plan. 

Key Checks 
• Ensure line is securely fastened to the bailer on one end and secured to the sampler on 

the other end (for example, the sampler’s wrist) 

• Ensure that the bailer is slowly and smoothly lowered and raised through the water 
column. Do not surge the bailer or bounce the bailer on the bottom of the well. 
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Attachments 
None. 
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STANDARD OPERATING PROCEDURE 

Indoor Air Sampling 

Purpose and Scope 
This SOP describes the methods and procedures involved in conducting indoor air 
sampling.  

Procedures 
This procedure offers a convenient approach for the collection of indoor air samples into 
SUMMA® canisters. A sample of indoor air is withdrawn into a certified clean and 
evacuated SUMMA® canister by virtue of a certified clean flow controller.  Sample 
collection will last up to 24 hours. 

Procedures / Guidelines 
• ‘Clean’ sampling protocols must be followed at times when handling and collecting 

samples.  This requires care in the shipping, storage, and use of sampling equipment.  
Cleanliness of personnel who come in contact with the sampling equipment, no 
smoking, eating, or drinking, no perfumes, deodorants, clean clothing (not dry cleaned) 
and clean over-garments. 

• Inspect the canister for damage.  Do not use a canister that has visible damage.   

• Verify that the vacuum pressure of the canister is equal to that indicated on the 
laboratory’s evacuation tag.  Do not use a canister that has leaked. 

• Remove the protective cap from the valve on the canister. 

• If using an external gauge, attach the gauge to the canister and open the valve. After 
taking the reading, close the canister and remove the gauge. 

• Verify that the flow controller is set at the desired sampling rate.  If not pre-set, see the 
appropriate instructions for flow controller adjustment.  

• In the field log record the canister ID, flow controller ID, initial vacuum, desired flow 
rate, sample location information, and all other information pertinent to the sampling 
effort. 

• Connect the flow controller to the canister.  The flow controller fitting denoted “LP” or 
“OUT” is connected to the canister.  Tighten the fitting as to be leak free but do not over 
tighten.  (A ¼ turn past snug is usually enough.) 

• Remove all work articles from the sampling area. 

• To begin sampling, slowly open the canister valve one full turn. 

• For canisters with built in pressure gauges, monitor the vacuum pressure change several 
times during the course of the selected sample period to ensure the canister is filling at 
the desired rate. 
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• At the end of the sample period, close the canister valve finger tight.  

• Remove the flow controller and replace the protective cap on the canister valve fitting. 

• If using an external vacuum gauge, re-attach it, open the canister valve, and record the 
pressure.  Then close the valve, remove the vacuum gauge, and replace the protective 
cap. 

• If the flow controller is going to be used for more than one sample collection, be sure to 
purge it between uses.  To do this, attach the flow controller to a vacuum source and 
draw clean air or gas (UHP) through it for several minutes before attaching it to the 
canister. 

• Fill out all appropriate documentation (chain of custody, sample tags) and return 
canisters and all equipment to the laboratory in the shipping containers provided. 

• When packing the canisters for shipment, verify that the valve (just past finger tight) and 
valve caps are snug (1/4 turn past finger tight), and use sufficient clean packing to 
prevent the valves from rubbing against any hard surfaces. 

• Do not place sticky labels or tape on any surface of the canister. 

Quality Control 
• Canister supplied by the laboratory must follow the performance criteria and quality 

assurance prescribe in US EPA Method TO-14/15 for canister cleaning, certification of 
cleanliness, and leak checking.     Standard operating procedures are required. 

• Flow controllers supplied by the laboratory must follow the performance criteria and 
quality assurance prescribed in US EPA Method TO-14/15 for flow controller cleaning 
and adjustment.  Standard operating procedures are required.   

FIGURE 1 

Assembled Canister Sampler for Integrated Sample Collection 
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System Leak Test and Purging  
1. Make sure the sampling system is assembled (as shown in Figure 1) by connecting the 

sampling interface to the soil gas probe, the SUMMA®  canister, and the purge system. 

2. Physical Leak Test—Perform a leak test of the sample interface system as follows: 

a. Make sure that the gas probe valve (valve #1) is closed. 

b. Make sure that the sample valve (valve #2) leading to the SUMMA® canister is 
closed. Caution – never open the valve a fixed to the canister during purging. Doing 
so results in loss of vacuum and sample integrity.   

c. Open the purge valve (valve #3).  

d. Now operate the purge pump to achieve a vacuum gauge reading of 10 inches of Hg 
or to a vacuum that will be encountered during sampling, whichever is greater. 

e. A leak free system will be evident by closing off the purge valve and observing no 
loss of vacuum within the sampling interface system.  Repair any leaks prior to use. 

f. Record the leak test date and time on the field sampling log.  

g. Close valves #1, 2, & 3 and turn off the vacuum pump prior to proceeding on to the 
system purge.  

Sample Handling and Shipping 
1. If shipping is required, pack the sample canisters in a rigid wall shipping container such 

as a cooler or heavy duty cardboard box.  Never pack the cans with other objects or 
materials that could cause them to be punctured. 

2. Place a custody seal over the openings to the shipping container.  

3. Ship immediately to the laboratory for analysis. 



Building Survey - Indoor Air Sampling

Project Information Page 1 of 4

Project Name: Project # :

Survey Completed By: Date:

Building Address:

Resident and Contact Information

Name of Occupant: Owner / Tenant / Other:

Occupant Phone #s: Home: Work: Cell:

Duration at Current Residence: Best Time To Call / Visit:

Number of Building Occupants: Children (list ages): Adults:

(If Rental) Property Owner Name: Owner Phone #s: Home:

Owner Address: Work:

Name of Interviewee for Building Survey: Notes:

Building Construction Characteristics

Building Type: (Check box for all that apply)

Single Family Residential Ranch Split Level Duplex (# of other half of duplex):

Multi Family Residential Two-story Tri Level Apartment (# of units in Building):

Commercial Other (specify):

Describe Building: (General Description, Construction Materials, etc.)

Approximate Age: years Approximate Area: Total Living Space: sq.ft. First Floor: sq.ft.

Floors: # Floors at or above grade:

Which floors of the residence are utilized as living space / occupied?

Foundation Type: Foundation Description: (Split Foundation or Multiple Types)

Crawl Space:

Slab on Grade:

Basement: Slab & Crawl Space Construction:

Basement or Crawl Space Details: (if applicable)

Finished Basement: Basement Finished When: Approximate Area: sq.ft.

Basement or Crawl Space Floor:  (Check box for all that apply)

Concrete Dirt Floating Other (specify):

Foundation Walls:  (Check box for all that apply)

Poured Concrete Block Stone Other (specify):

Does the basement or crawl space have a moisture problem - dampness?  (Check only one)

Yes, frequently Yes, occasionally Yes, rarely No
(3 or more times/year) (1-2 times/year) (less than 1 time/year)

Is the basement or crawl space ever wet - flooded?  (Check only one)

Yes, frequently Yes, occasionally Yes, rarely No
(3 or more times/year) (1-2 times/year) (less than 1 time/year)

Yes   /   No

Yes   /   No

CCI Site - Interim Indoor Air Sampling Program

Yes   /   No

Yes   /   No

332919

Residence ID:

sgandlma
Text Box

sgandlma
Text Box
Page 1 of 3
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Text Box
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Text Box
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Building Address:

Basement or Crawl Space Details Continued: (if applicable)

Does the basement have any of the following?  (Check all that apply)

Floor cracks Wall cracks Floor Drain Sump pump

Other hole / opening in floor (describe):

Is the sump pump used? Depth of sump? ft Where does the sump pump drain?

Describe ventilation of crawl space:

Description of ground cover outside of building: Grass Concrete Asphalt Other:

Heating & Ventilation Systems

Heating System - Fuel Type: (Check box for all that apply)

Natural Gas Electric Coal Fuel Oil

Wood Other (specify):

Heating - Conveyance System: (Check box for all that apply)

Forced Hot Air Electric Baseboard Wood Stove Fireplace

Forced Hot Water Hot Water Radiation Heat Pump Kerosene Heater

Other (specify):

Type of Ventilation System: (Check box for all that apply)

Central air handler / blower Mechanical / ceiling fans Bathroom ventilation fans Air-to-air heat exchanger

Kitchen range hood fan Other (specify):

Does the Residence have Air Conditioning: (Check box for all that apply)

Central Air Conditioning Window Air Conditioners Other (specify):

Miscellaneous Information

Does the Residence have any of the following?

Septic System? Irrigation / Private Well?

Existing subsurface depressurization (radon) system in place? Is it running?

Is there  standing water outside the residence (pond, ditch, swale)? If so, describe:

Has the residence been retrofitted / weatherized with any of the following? (Check box for all that apply)

Insulation Storm Windows Energy-efficient windows Other (specify):

Does the building have an attached garage? If so, is a car usually parked in the garage?

Chemicals 

Have any pesticides / herbicides been applied around the building foundation or in the yard / gardens?

If so, when - and which chemicals?

Has the residence had a pesticide treatment inside? When / by whom?

Do the occupants of the building have their clothes dry-cleaned?

When were dry-cleaned clothes last brought into the building?

Have the occupants ever noticed any unusual odors in the buidling?

Describe (with location):

Yes   /   No

Yes  /  Yes (but not used)  /  No

Yes   /   No

Yes   /   No

Yes   /   No

Yes   /   No

Date:

Yes   /   No

Yes   /   No

Yes   /   No

Yes   /   No

Yes   /   No

sgandlma
Text Box
Page 2 of 3
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Building Address:

Miscellaneous Information Continued:

Have there been any known spills of a chemical immediately outside or inside the building?

Describe (with location):

Do any of the occupants smoke inside the building? How often?

Do any of the occupants use solvents at work? Are their clothes washed at home?

If so, when - and what rooms?

Within the last 6 months, has there been any painting or remodeling in the residence? If so, when

What rooms, and what specifically was done?

Within the last 6 months, has any new carpeting been installed? Have the carpets or rugs been cleaned?

If so, when, what rooms, and what cleaners?

Consumer Products Inventory

Check consumer products that are present in the residence.

Storage Location Frequency of Usage Date of Last Use

Paint or Wood Finishes (spray or can)

Paint stripper / remover / thinner

Solvent cleaners (eg. spray-on oven cleaner) 

Metal degreaser / cleaner

Gasoline / diesel fuel

Glues or adhesives (super glue, etc)

Air fresheners & scented candles

Laundry / carpet spot removers

Pesticides / Insecticides

Nail polish remover (acetone)

Aerosols (deodorizers, polish, cleaners)

Other: 

Other: 

Other: 

Describe any products that are containerized during sampling event:

Provide any additional information that is provided by interviewee:

Date:

Yes   /   No

Yes   /   No

Yes   /   No Yes   /   No

Yes   /   No

Yes   /   No Yes   /   No

sgandlma
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SECTION 1 

Project Management 

1.1 Introduction 
This quality assurance project plan (QAPP) was prepared for the U.S. Army Corps of 
Engineers (USACE), Kansas City District under Contract Number W912DQ-05-D-0002 
between USACE and Conti Environmental & Infrastructure, Inc. (Conti) to outline the 
procedures that will be implemented during data collection activities at the St. Louis 
Ordnance Plant (SLOP) former Hanley Area site in St. Louis, Missouri. This QAPP 
addresses the data quality objectives (DQOs), analytical methodologies, specific quality 
assurance (QA) and quality control (QC) activities, laboratory requirements, and data 
assessment activities designed to achieve the remedial investigation (RI) data quality goals. 

1.2 Project Laboratory Organization and Responsibilities 
PEL Laboratories (PEL) of Tampa, Florida, was selected as the laboratory to analyze the soil 
and groundwater samples. CH2M HILL Applied Sciences Laboratory (ASL) of Corvallis, 
Oregon, was selected as the laboratory to analyze the soil vapor samples. The laboratories 
will submit self-certification by providing the required forms to show compliance with the 
Department of Defense (DoD) Quality Systems Manual (QSM). This section identifies key 
laboratory personnel and organizations necessary for each analytical activity during the RI. 

1.2.1 Project Chemist 
CH2M HILL’s project chemist, Dave Lee, will be responsible for tracking data, and 
overseeing the data evaluation and data management tasks. Specific responsibilities include 
the following: 

• Approving and adhering to QA/QC requirements specified in this QAPP 

• Providing guidance regarding environmental analytical chemistry methods and QC 
procedures applicable to environmental analytical chemistry 

• Managing project tasks associated with the coordination of sample collection and 
analysis with the field team leader (FTL), and providing liaison between the FTL and 
laboratories 

• Managing sample tracking, sample analysis, and data reporting from each laboratory 

• Coordinating or performing validation of the analytical data 

• Performing quality audits and surveillance, preparing QA reports, implementing quality 
control activities, and suggesting corrective actions, as necessary 

• Evaluating data usability 
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• Communicating QA/QC issues to the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) lead and the FTL 

• Recommending resolution for anomalies or out-of-control events that arise during the 
analysis of samples 

• Coordinating with the FTL to facilitate data transfer into the project database 

• Coordinating the output of data from the database to the data users (for example, task 
manager and technical staff) and providing QC for data outputs 

1.2.2 Laboratory Project Manager 
The laboratory project manager (John Heyman for PEL and Ben Thompson for ASL) will 
report directly to the CH2M HILL project chemist and will be responsible for the following: 

• Ensuring the resources of the laboratory are available on an as-required basis 
• Overview of final analytical reports 

1.2.3 Laboratory Operations Manager 
The laboratory operations manager will report to the laboratory project manager and will be 
responsible for the following: 

• Coordinating laboratory analyses 
• Supervising in-house chain-of-custody (COC) 
• Scheduling sample analyses 
• Overseeing data review 
• Overseeing preparation of analytical reports 

1.2.4 Laboratory Quality Assurance Manager 
The laboratory QA manager (QAM) has the overall responsibility for data after submittal to 
CH2M HILL. The laboratory QAM will be independent of the laboratory, but will 
communicate data issues through the laboratory project manager. In addition, the 
laboratory QAM will perform the following tasks: 

• Overview laboratory QA 
• Overview QA/QC documentation 
• Conduct detailed data review 
• Determine whether to implement laboratory corrective actions, if required 
• Define appropriate laboratory QA procedures 
• Prepare laboratory standard operating procedures (SOPs) 

1.2.5 Laboratory Sample Custodian 
The laboratory sample custodian will report to the laboratory operations manager. 
Responsibilities of the laboratory sample custodian will include the following: 

• Receiving and inspecting the incoming sample containers 

• Recording the condition of the incoming sample containers 
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• Signing appropriate documents 

• Verifying COC and its correctness 

• Notifying laboratory manager and laboratory supervisor of sample receipt and 
inspection 

• Assigning a unique identification (ID) number and customer number, and entering each 
into the sample receiving log 

• With the help of the laboratory manager, initiating transfer of the samples to appropriate 
lab sections 

• Controlling and monitoring access/storage of samples and extracts 

Final responsibility for project quality rests with the task manager and QC manager (as 
described in the field sampling plan [FSP]). The laboratory project manager and laboratory 
QAM will provide independent QA before the data are released to CH2M HILL. 

1.2.6 Laboratory Technical Staff 
The laboratory technical staff will be responsible for sample analysis and identifying 
corrective actions. The staff will report directly to the laboratory operations manager. 

1.3 Problem Definition and Project-Related Information 
The RI work plan provides detailed information regarding the problem definition, 
background information, site history, project description, planned project schedule, and 
historical records/information. 

1.4 Data Quality Objectives and Criteria for Measurement Data 
1.4.1 Data Quality Objectives 
DQOs are qualitative and quantitative statements that specify the quality of data required 
supporting decisions made during or after site-related activities. Project-specific DQOs are 
developed using a seven-step process. 

Step 1: State the Problem 
It has been determined through previous investigations that the site contains chlorinated 
volatile organic compounds (cVOCs) and arsenic. The purpose of this project is to conduct a 
RI in order to select a path forward for the site. The objective of the RI is to collect the data 
necessary to complete the nature and extent of fate and transport evaluations and human 
health and ecological risk assessment for the cVOCs in soil, groundwater, and soil gas and 
arsenic in soil. 
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Step 2: Identify the Decision 
The RI has the following general objectives: 

• Review previously collected data to assess the spatial distribution and identify the 
approach to further characterize the site. 

• Define the extent of contamination to assess if residual contamination poses potential 
risks to human health and the environment to determine the appropriate remedial 
actions, if necessary. 

Step 3: Identify the Inputs to the Decision 
The investigation details are presented in Section 3.5 of the Phase II RI work plan. 

Step 4: Define the Study Boundaries 
The boundaries for this investigation are detailed in Section 3 of the RI work plan. 

Step 5: Develop a Decision Rule 
cVOC and arsenic concentrations in samples will be compared to conservative risk-based 
screening levels, as presented in Section 3 of the Phase II RI work plan. Attachment A 
summarizes the project action limits determined for the RI samples. 

Step 6: Specify Limits on Decision Errors 
The probability of sampling and measurement errors at a site necessitates developing 
sampling guidelines and collecting QC samples. Field errors are minimized by having each 
member of the field team follow the same SOPs for sampling. Sampling techniques are 
discussed in the FSP. QC samples are used to verify the accuracy and precision of the data. 
When a QC sample is outside the established control limits, the data will be qualified, and 
field corrective action will be implemented if applicable (for example, when field duplicates 
are outside of the established control limits). Field QC data will be evaluated against the 
DQOs before use. 

Decisions made on data that accurately reflect site conditions allow for remedial action 
evaluation and modification to achieve a reduction in risks to human health and the 
environment. Consequences of incorrect data decisions might include further migration of 
contaminants and potential increased risk to human health and the environment. The 
likelihood for incorrect decisions is minimized through controlling sampling and 
measurement errors through adherence to procedures as specified in this QAPP and 
the FSP. 

Step 7: Optimizing the Design 
The sampling design objective is detailed in Section 3 of the RI work plan. The results of 
these samples will be evaluated for usability and assessed to present the human health and 
ecological risks, if any, presented by the cVOC and/or arsenic contamination. The data 
summaries and risk assessments will be used to select an appropriate remedial action to 
eliminate, reduce, or control human health and environmental risks. 
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1.4.2 Measurement Performance Criteria 
The measurement performance criteria will be checked on several levels using the 
following: 

• Built-in QC standards 
• Senior review 
• Management controls 

The measurement data must abide by specific QC standards. Data that do not meet these 
standards will be qualified accordingly. The bench chemist, laboratory’s QAM, and 
CH2M HILL’s project chemist will check the analytical data and QC results. 

CH2M HILL staff members with relevant technical experience will review documents that 
pertain to the project’s quality standards. The FTL will supervise activities to assess whether 
SOPs are being followed during field sampling activities. Section 3 describes specific QC 
checks and corrective action measures. 

1.5 Instructions for Special Training Requirements or 
Certification 

Project team members with the necessary experience and technical skills will be chosen to 
perform the required project tasks. The subcontractor chosen to perform laboratory analyses 
will meet the project-specific requirements and maintain National Environmental 
Laboratory Accreditation Program certification. Changes to the certification status will be 
communicated to CH2M HILL immediately. 

1.6 Instructions for Documentation and Records 
1.6.1 Field Sampling Documentation 
Field sampling documentation and procedures are presented in the FSP. 

1.6.2 Data Reporting 
The hard copy and electronic laboratory reports for the samples and analyses will contain 
the information necessary to perform data review, verification, and validation at the 
frequencies specified in Section 4. The data package format allows for data verification to be 
performed according to USACE guidance documents. 

Hard copy deliverables, in summary format, containing equivalent information to those 
specified in the latest versions of USEPA Contract Laboratory Program Statements of Work 
for Organics and Inorganics Analyses will be provided by the laboratory. The following 
information (when applicable) will be provided: 

• Cover letter complete with the following information: 
− Report title and laboratory unique report ID (sample delivery group number) 
− Project name, site location 
− Name and location of laboratory and second-site or subcontracted laboratory 
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− Client name and address 
− Statement of authenticity and official signature and title of person authorizing report 

release 

• Table of contents 

• Case narrative that addresses the following information at a minimum: 
− Sample receipt discrepancies, such as bubbles (greater than a pea size) in volatile 

organic compound (VOC) samples, temperature exceedances, etc. 

− Descriptions of nonconformances in the sample receipt, handling, preparation, 
analytical, and reporting processes and the corrective action taken in each occurrence 

− Identification and justification for sample dilution 

• Summary of samples received that correlates field sample IDs with the laboratory IDs 

• Laboratory qualifier flags and definitions 

• Field identification number 

• Date received 

• Date prepared 

• Date analyzed (and time of analysis if the holding time is less than or equal to 48 hours) 

• Preparation and analytical methods 

• Result for each analyte (dry weight basis for soils) 

• Percent solids results for soil samples 

• Dilution factor (provide both diluted and undiluted results when available) 

• Sample-specific reporting limit adjusted for sample size, dilution/concentration 

• Sample-specific method detection limit (MDL) adjusted for sample size, dilution/ 
concentration (when project objectives require reporting less than the reporting limit) 

• Units 

• Surrogate percent recoveries 

• Matrix spike (MS)/matrix spike duplicate (MSD) and laboratory control sample (LCS) 
spike concentrations, native sample results, spiked sample results, percent recoveries, 
and relative percent difference (RPD) between the MS and MSD results; associated QC 
limits also must be provided 

• Method blank results 

• Analytical batch reference number that cross references samples to QC sample analyses 
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• Analytical sequence or laboratory run log that contains sufficient information to 
correlate samples reported in the summary results to the associated method QC 
information, such as initial and continuing calibration analyses 

• Confirmation results 

• Calibration blank results for inorganic analyses (required in hard copy format only) 

• Inductively coupled plasma (ICP) interference check sample true and measured 
concentrations and percent recoveries (required in hard copy format only) 

• Method of standard addition results (if applicable; required in hard copy format only) 

• Post-digestion spike recoveries (if applicable; required in hard copy format only) 

• Internal standard recovery and retention time information, as applicable 

• Initial calibration summary, including standard concentrations, response factors (RFs), 
average RFs, relative standard deviations or correlation coefficients, and calibration 
plots or equations, if applicable (required in hard copy format only) 

• Continuing calibration verification (CCV) summary, including expected and recovered 
concentrations and percent differences (required in hard copy format only) 

• Instrument tuning and mass calibration information for gas chromatography/ mass 
spectrometry and ICP/mass spectrometry analyses 

• Other method-specific QC sample results 

• Sample preparation logs that include the following information (may be provided on 
CD-ROM): 
− Preparation start and end times 
− Beginning and ending temperatures of water baths, digestion blocks, etc. 

• Example calculation for obtaining numerical results from at least one sample for each 
matrix analyzed; provide algorithm (may be provided on a CD only). 

• Reconstructed total ion chromatograms or selected ion current profiles for each sample 
(or blank) analyzed and mass spectra for each compound identified including (may be 
provided on a CD only): 
− Raw compound spectra 
− Enhanced or background spectra 
− Laboratory-generated library spectra (for tentatively identified compounds provide 

the reference mass spectra from software spectra library) 

• Executed COC and sample receipt checklist 

Field Data Reporting 
Information collected in the field through visual observation, manual measurement, and 
field instrumentation will be recorded in field notebooks and/or project worksheets. The 
FTL will review the data for adherence to this QAPP and for consistency. Concerns 
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identified as a result of this review will be discussed with the task manager, corrected if 
possible, and incorporated into the data evaluation process. 

Field data calculations, transfers, and interpretations will be conducted by the field crew 
and reviewed for accuracy by the FTL. The appropriate manager will review field 
documentation, data reduction, and accuracy of data entries into the data log. The data logs 
and documents will be checked for the following: 

• General completeness 
• Readability 
• Use of appropriate procedures 
• Whether modifications to sampling procedures are clearly stated 
• Appropriate instrument calibration and maintenance records 
• Reasonability of data collected 
• Correctness of sample locations 
• Correctness of reporting units, calculations, and interpretations 

Where appropriate, field data forms and calculations will be processed and included as 
appendixes to the reports generated. Original field logs, documents, and data reductions 
will be kept in the project file. 

Laboratory Data Reporting 
Data reduction will be done manually or using appropriate application software. 
Quantitation procedures specified for each method must be followed. Calculations for 
analyses are based on regression analyses of calibration curves. Regression analysis is used 
to fit a curve through calibration standard data. Sample concentrations are calculated using 
the resulting regression equations. If data are reduced manually, the documentation must 
include the formulas used. Application software used for data reduction must have been 
previously verified by the laboratory for accuracy. Documentation of the software’s 
verification must be maintained on file in the laboratory. Documentation of data reduction 
must allow re-creation of the calculations. 

Whenever possible, analytical data will be transferred directly from the instrument to a 
computerized data system. Raw data will be stored electronically, and a hard copy file will 
be maintained. Laboratory data entry will be sufficient to document the information used to 
arrive at reported values. 

Electronic data storage will be used when possible. Electronic data will be maintained in a 
manner that prevents inadvertent loss, corruption, and inappropriate alteration. Electronic 
data will be accessible and retrievable for a period of 10 years after project completion. 

Data will undergo at least two levels of review at the laboratory before release. The analyst 
performing the tests will review 100 percent of the data. After the analyst’s review has been 
completed, 100 percent of the data will be reviewed independently by a senior analyst or by 
the section supervisor for accuracy, compliance with calibration and QC requirements, 
holding time compliance, and completeness. Analyte identification and quantitation must 
be verified. Calibration and QC results will be compared with the applicable control limits. 
Reporting limits should be reviewed to make sure they meet the project objectives. Results 
of multiple dilutions should be reviewed for consistency. Discrepancies must be resolved 
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and corrected. Laboratory qualifiers will be applied when there are nonconformance’s that 
could potentially affect data usability. These qualifiers must be properly defined as part of 
the deliverables. Issues relevant to the quality of the data must be addressed in a case 
narrative. A copy of the data package will be filed in the project file. Mailed data packages, 
along with applicable electronic data deliverables (EDDs), will be sealed in an appropriate 
shipping container. 

Deviations from stated guidelines must be addressed through corrective action. Deviations 
caused by factors outside the laboratory’s control, such as matrix interference, will be noted 
with an explanation in the report narrative. The laboratory will contact the project chemist 
to discuss deviations before the final data are sent out. Calculations will be checked and 
reports reviewed for errors, oversights, or omissions. The hard copy and electronic 
laboratory reports for the samples and analyses will contain the information necessary to 
perform data evaluation. 

Electronic Analytical Record Format 
CH2M HILL will obtain EDDs in the format included in Attachment E. The laboratory will 
verify that the quality, content, and format comply with the format specifications prior to 
submittal.  

1.6.3 Project Record Maintenance and Storage 
Project records will be stored and maintained in accordance with CH2M HILL’s data 
management policies and Section 2. Each project team member is responsible for filing 
project information or providing it to the project assistant familiar with the project filing 
system. Individual team members may maintain separate files or notebooks for individual 
tasks, but must provide such materials to the project file room upon completion of each task. 

The general project file categories are as follows: 

• Correspondence 
• Nonlaboratory project invoices and approvals by vendor 
• Original unbound reports 
• Nonlaboratory requests for proposals (solicitations), bids, contracts, and statements of work 
• Field data 
• Data evaluation and calculations 
• Site reports from others 
• Photographs 
• Insurance documentation 
• Laboratory analytical data and associated documents/memorandum 
• Regulatory submittals, licensing, and permitting applications 
• Site and reference material 
• Health and safety plans 
• Figures and drawings 

A project-specific index of file contents must be kept with the project files. 
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SECTION 2 

Data Generation and Acquisition 

This section describes the procedures for acquiring, collecting, handling, measuring, and 
managing data in support of this sampling activity. It addresses the following data 
generation and acquisition aspects: 

• Sampling process design 
• Sample handling and custody requirements 
• Sampling method requirements 
• Laboratory analytical method requirements 
• Laboratory QC requirements 
• Field and laboratory instrument calibration and frequency 
• Inspection and acceptance requirements for supplies and consumables 
• Data acquisition requirements 
• Data management 
• Field and laboratory instrument and equipment testing, inspection, and maintenance 

requirements 

2.1 Sampling Process Design 
The number and location of samples for the site are discussed in Section 3 of the RI work 
plan. The sampling design is a function of the medium sampled, information about the 
sampling site, the type of data to be collected, and how the data are to be used. The specific 
protocols for sampling, equipment decontamination, handling of investigation-derived 
wastes (IDW) and field QC are discussed in the FSP. The planned number of field and QC 
samples, along with the required analyses for each matrix (soil, soil gas, and water), are 
included in Table 2-1. 

2.2 Sampling Method Requirements 
Sampling methods are addressed in the FSP. 

Laboratories will provide the required sample containers for the environmental and 
associated QC samples. Containers will be certified free of the analytes of concern for the 
project. No containers will be reused. The contract laboratory will add preservatives, if 
required, before shipping the sample containers to the field. Upon receipt of the samples, 
the laboratory will verify the adequacy of the preservation and will add more preservatives, 
if necessary. Adjustments made by the laboratory will be documented on the appropriate 
sample receipt forms and noted in the case narrative. Table 2-2 lists the containers, 
minimum sample quantities, required preservatives, and maximum holding times for the 
parameters. 
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TABLE 2-1 
Total Proposed Quality Control Sample Summary Table 
St. Louis Ordnance Plant, Former Hanley Area – St. Louis, Missouri 

 
Field  

Samples 
Field  

Duplicates 
Matrix 
Spikes 

Matrix  
Spike  

Duplicates 
Equipment 

Blanks 
Trip  

Blanks 

Total  
Number 

of  
Samples 
Collected 

Soil        

Arsenic 26 (16 + 
potentially 

10 
additional) 

3 2 0 1 0 32 

cVOCs 6 1 1 1 1 1 per cooler 10 + TBs 

TCLP 
Metals 13 2 0 0 0 0 15 

Water        

cVOCs 18 2 1 1 1 1 per cooler 23 + TBs 

Anions 
(Nitrate, 
Sulfate, 
Chloride) 

4 1 0 0 0 0 5 

Dissolved 
Metals (Iron, 
Manganese) 

4 1 0 0 0 0 5 

Dissolved 
Gases 
(Methane, 
Ethane, 
Ethene) 

4 1 0 0 0 0 5 

Indoor Air        

cVOCs 3 1 0 0 0 1 5 
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TABLE 2-2 
Required Analytical Method, Sample Containers, Preservation, and Holding Times 
St. Louis Ordnance Plant, Former Hanley Area – St. Louis, Missouri 

Analyses 
Preparatory /  

Analytical Method 
Sample  
Matrixa Containerb Qty Preservativec Holding Timed 

SW-846 5030B/8260B W 40-mL glass 3 Add HCl to pH< 
2; Cool to 4°C 

Water:14 days 
(preserved), 7 days 
(unpreserved) 

cVOCs 

SW-846 5035/8260B S Terracoree 
samplers, or 
equivalent 

3 Cool to 4°C 48 hr for analysis or 
preservation, 14 
days when 
preserved 

 TO-15 SIM A 6 (L) Summa 
canister 

1 None 30 days 

Metals (As) SW-846 3010A 6010B S 4-oz glass 1 Cool to 4°C 180 days 

Dissolved 
Metals (Fe, 
Mn) 

SW-846 3005A/6010B W 500-mL 
glass 

1 Add NO3 to 
pH<2; Cool to 
4°C 

180 days 

Anions 
(Nitrate, 
Sulfate, 
Chloride) 

SW-846 9056 W 250-mL 
plastic 

1 Cool to 4°C 48 hours 

Dissolved 
Gases 
(Methane, 
Ethane, 
Ethene) 

RSK-175 W 40-mL glass 3 Add HCl to pH< 
2; Cool to 4°C 

Water:14 days 
(preserved), 7 days 
(unpreserved) 

Metals (TCLP) SW-846 1311/6010B S 4-oz glass 1 Cool to 4°C 180 days 

aSample containers and volume requirements will be specified by the analytical laboratory performing the tests. 
b Containers will be sealed with Teflon®-lined screw caps. 
c Samples will be stored promptly at 4°C in an insulated chest. 
d Holding times are from the time of sample collection. 
e Additional soil from the same location will be collected in a 2-oz glass jar or 125 ml plastic wide mouth for 
percent moisture with every soil sample (3Terracores) collected for VOC analysis. 
S = soil; W = water ; A = air 
°C = degrees Celsius 

Once the samples reach the laboratory, samples will be checked against information on the 
COC form for anomalies. The condition, temperature, and appropriate preservation of 
samples will be checked and documented on the COC form. Checking an aliquot of the 
sample using pH paper is an acceptable procedure (precautions must be taken to avoid 
contamination of the sample). Samples requiring VOC analyses also should undergo 
preservation verification using the third sample vial for analysis. The occurrence of 
anomalies in the received samples and their resolution will be documented in laboratory 
records. Sample information will then be entered into a tracking system, and unique 
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analytical sample identifiers will be assigned. A copy of this information will be reviewed 
by the laboratory for accuracy.  

Sample holding time tracking begins with the collection of samples and continues until the 
analysis is complete. Samples not preserved or analyzed in accordance with the 
requirements in this QAPP will be resampled and analyzed at no additional cost to 
CH2M HILL. Laboratory analyses will be documented on the COC form. The laboratory 
will implement and document procedures ensuring internal laboratory COC. Ideally, 
sample custody will be maintained using an internal custody system that requires samples 
to be kept in a secured and restricted area when not in use and to be checked out and 
checked back in by the analysts who use the samples. The laboratory must maintain internal 
custody records as part of the documentation file for each sample. Specific instructions 
concerning the analysis specified for each sample will be communicated to the analysts. 
Analytical batches will be created, and laboratory QC samples will be introduced into 
each batch. 

While samples are stored in the laboratory, they will be stored in limited-access, 
temperature-controlled areas. Refrigerators, coolers, and freezers will be monitored for 
temperature 7 days a week. Acceptance criterion for the temperatures of the refrigerators 
and coolers is 4 degrees Celsius (°C) ± 2°C. Acceptance criterion for the temperatures of the 
freezers will be less than 0°C. Cold-storage areas will be monitored by thermometers that 
have been calibrated with a National Institute of Standards and Technology 
(NIST)-traceable thermometer. As indicated by the findings of the calibration, correction 
factors will be applied to each thermometer. Records that include acceptance criteria will be 
maintained. Samples for VOC determination will be stored separately from other samples, 
standards, and sample extracts. Samples will be stored after analysis until disposed of in 
accordance with applicable local, state, and federal regulations. Disposal records will be 
maintained by the laboratory. 

Along with sample receipt documentation, the following information will be documented 
on sample receipt forms by the sample custodian: 

• Date samples received 
• CH2M HILL sample ID number 
• Laboratory sample ID number 
• Analytical tests requested for the sample batch 
• Sample matrix 
• Number of samples in the batch 
• Container description and location in the laboratory 
• Verification of sample preservation 

2.3 Sample Handling and Custody Requirements 
2.3.1 Sample Identification System 
CH2M HILL has devised a sample numbering system that will be used to identify each 
sample, including duplicates and blanks. The method of sample identification used depends 
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on the type of sample collected and the sample container type. The sample ID system is 
presented in the FSP. 

2.3.2 Sample Packaging and Transport 
The following sections contain guidelines for sample packaging and transport. 

Sample Container Preparation 
• Container lids will be checked for tightness, and if the container is not full, the outside of 

the container will be marked with indelible ink at the sample volume level. 

• Sample bottles will be double-bagged in heavy-duty plastic. Glass containers will be 
covered with bubble wrap to prevent breakage. 

Shipping Cooler Preparation 
• Previous labels used on the sample shipping cooler will be removed. 

• The drain plugs will be sealed with fiberglass tape (outside and inside) to prevent 
melting ice from leaking. 

• A cushioning layer of packing material such as bubble wrap will be placed at the bottom 
of the cooler (about 1 inch thick) to prevent breakage during shipment. 

• The cooler will be lined with a large plastic bag (same type used to contain samples). 

• Ice will be double-bagged in a resealable plastic bag. 

Placing Samples in the Cooler 
• The COC form will be placed in a resealable plastic bag. 

• Samples will be placed in an upright position in the cooler. 

• Ice will be placed on top of samples and between samples. Ideally, ice will be placed in 
resealable plastic bags in duplicate to minimize leakage of ice melt into the cooler. 

• Void space between samples will be filled with packing material. 

Closing the Cooler 
• The cooler lid will be taped with tape, encircling the cooler several times. 
• Custody seals may also be affixed to the cooler lid to further ensure the integrity of the 

samples. 

Transport 
Sample coolers will be shipped to arrive at the laboratory the morning after sampling 
(priority overnight) or will be sent by a courier to arrive the same day. 

The laboratory will be notified that samples are being shipped. 
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Airbills 
If samples are shipped, airbills will be retained to provide a record for sample shipment to 
the laboratory. Completed airbills will accompany shipped samples to the laboratory and be 
forwarded along with data packages. The airbill number will be documented on the COC 
form accompanying the samples to the laboratory for sample-tracking purposes. Airbills 
will be kept as part of the data packages in the project files. 

2.3.3 Sample Custody 
Collecting data of known quality begins at the point of sample collection. Legally defensible 
data are generated by adhering to proven evidentiary procedures. These procedures, 
outlined in the following sections, must be followed to preserve and ensure the integrity of 
samples from the time of collection through analysis. Sample custody records must be 
maintained both in the field and in the subcontracted laboratory. A sample is considered to 
be in someone’s custody if it is either in his or her physical possession or view, locked up, or 
kept in a secured and restricted area. Until shipment, sample custody will be the 
responsibility of the FTL. 

COC forms document sample collection and shipment to the laboratory. A COC form will 
be completed for each sampling event. The original form will be provided to the laboratory 
with the sample shipping cooler, and a copy will be retained in the field documentation files. 
The COC form will identify the contents of each shipment and maintain the custodial integrity 
of the samples. Responsible sampling team personnel will sign and date the COC forms, sign 
the “relinquished by” box, and note the date, time, and airbill number noted on the COC 
form. The laboratory will return the executed copy of the COC with the hard copy report. 

The shipping coolers containing the samples will be sealed with a custody seal when the 
coolers are not in an individual’s possession or view before shipping. Custody seals will be 
signed and dated by the responsible sampling team personnel. 

At a minimum, the COC form must contain the following: 

• Site name 
• Task manager and project chemist names, telephone numbers, and fax numbers 
• Unique sample ID 
• Date and time of sample collection 
• Source of sample (including name, location, sample type, and matrix) 
• Number of containers 
• Designation of MS/MSD 
• Preservative used 
• Analyses required 
• Name of sampler 
• Bill of lading or transporter tracking number (if applicable) 
• Turnaround time 
• Laboratory name, address, and contact information 
• Special instructions 
• Custody transfer signatures and dates and times of sample transfer from the field to 

transporters and to the laboratories 
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Erroneous entries on COC records will be corrected by drawing a single line through the 
error and entering the corrected information. The person performing the correction will date 
and initial each change made on the COC form. 

Field Custody Procedures 
COC forms are required for samples. The sampling team in the field will initiate COC 
forms. COC forms will contain the sample’s unique ID, sample date and time, sample 
description, sample type, preservation (if any), and analyses required. Original COC forms, 
signed by the sampling crew, will accompany the samples to the laboratory. A copy of 
relinquished COC forms will be retained with the field documentation. COC forms will 
remain with the samples. Samples and signed COC forms will remain in the sampling 
crew’s possession until samples are delivered to the express carrier (Federal Express), hand 
delivered to the laboratory, or placed in secure storage. 

Laboratory Custody Procedures 
Once the samples reach the laboratory, they will be checked against information on the COC 
form for anomalies. Condition, temperature, and appropriate preservation of samples will 
be checked and documented on the COC form. Checking an aliquot of the sample using pH 
paper is an acceptable procedure. (Precautions must be taken to avoid contaminating the 
sample.) Samples requesting VOC analyses should not undergo preservation verification 
until the time of analysis. The occurrence of anomalies in the received samples and their 
resolution will be documented in laboratory records. Sample information will then be 
entered into a tracking system, and unique analytical sample identifiers will be assigned. 
The laboratory will review a copy of this information for accuracy. 

Sample holding time tracking begins with the collection of samples and continues until the 
analysis is complete. Laboratory analyses will be documented on the COC form. Procedures 
ensuring internal laboratory COC also will be implemented and documented by the 
laboratory. Ideally, sample custody will be maintained using an internal custody system 
that requires samples to be kept in a secured and restricted area when not in use and to be 
checked out and checked back in by the analysts who use the samples. Internal custody 
records must be maintained by the laboratory as part of the documentation file for each 
sample. Specific instructions concerning the analysis specified for each sample will be 
communicated to the analysts. Analytical batches will be created, and laboratory QC 
samples will be introduced into each batch. 

Samples stored in the laboratory will be stored in limited-access, temperature-controlled 
areas. Refrigerators, coolers, and freezers will be monitored for temperature 7 days a week. 
Acceptance criteria are 4°C ± 2°C for the temperatures of the refrigerators and coolers and 
less than 0°C for those of freezers. Cold-storage areas will be monitored by thermometers 
that have been calibrated with a NIST–traceable thermometer. As indicated by the findings 
of the calibration, correction factors will be applied to each thermometer. Records that 
include acceptance criteria will be maintained. Samples for volatile organics determination 
will be stored separately from other samples, standards, and sample extracts. Samples will 
be stored after analysis until disposed of in accordance with applicable local, state, and 
federal regulations. Disposal records will be maintained by the laboratory. 
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Along with sample receipt documentation, the following information will be documented 
on sample receipt forms by the sample custodian: 

• Date samples received 
• Sample ID number 
• Laboratory sample ID number 
• Analytical tests requested for the sample batch 
• Sample matrix 
• Number of samples in the batch 
• Container description and location in the laboratory 
• Verification of sample preservation 

The laboratory will maintain SOPs describing sample control and custody. 

Laboratory Sample Receipt 
Upon sample receipt, the laboratory sample custodian will verify package seals, open the 
coolers, check temperature blanks (and record temperatures), verify sample integrity, and 
inspect contents against COC forms. The laboratory project manager will be contacted to 
resolve discrepancies between sample containers and COC forms. Once the shipment and 
COC form are in agreement, the sample custodian will release the samples for analysis. 
Ideally, the laboratory will use an internal COC form to track samples in the laboratory. The 
laboratory will provide a sample acknowledgement letter or email. Verification of the cooler 
temperature and sample preservation will be performed and documented. If the cooler 
temperature is outside of criteria (4 ± 2°C) upon receipt, or other discrepancies are 
identified, the laboratory will contact the project chemist, who will determine the proper 
course of action. 

Samples will be logged into the Laboratory Information Management System (LIMS), which 
assigns a unique laboratory number to each sample. Laboratory personnel who handle 
samples will use the LIMS to ensure that the sample information is captured. Analyses 
required will be specified by codes assigned to samples at log-in. Labels containing the 
laboratory sample number are generated and placed on sample bottles. 

Laboratory Sample Storage 
After the laboratory labels the samples, they will be moved to refrigerators where they will 
be maintained at 4°C. Access to the laboratory is limited by either locked doors or front desk 
sign-in. 

When samples are required, laboratory staff will sign and date the appropriate internal COC 
forms if used by the laboratory. 

Sample extracts will be stored in designated secure, refrigerated storage areas. Samples and 
sample extracts will be maintained in secure storage until disposal. No samples or extracts 
will be disposed of without prior written approval from an appropriate member of the 
project team. The sample custodian will note the sample disposal date in the sample ledger. 
The laboratory will dispose of samples in accordance with applicable regulations. 
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Laboratory Logbooks 
Workbooks, bench sheets, instrument logbooks, and instrument printouts will be used to 
trace the history of samples through the analytical process and document important aspects 
of the work, including associated QC. As such, logbooks, bench sheets, instrument logs, and 
instrument printouts will be part of the laboratory’s permanent record. Relevant 
information will be entered into the LIMS at the time information is generated. 

Each page or entry will be dated and initialed by the analyst at the time of entry. Entry 
errors will be crossed out in indelible ink with a single stroke, corrected without obliterating 
or writing directly over the erroneous entry, and initialed and dated by the individual 
making the correction. Unused pages of logbooks will be completed by lining out unused 
parts that are then initialed. 

The analyst will record information regarding the sample, the analytical procedures 
performed, and the results on laboratory forms, and enter this information in the LIMS. 
These notes will be dated and identify the analyst, instruments used, and instrument 
conditions. 

Sufficient raw data records must be retained to permit reconstruction of initial instrument 
calibrations: calibration date, test method, instrument, analysis date, each analyte name, 
concentrations and responses, calibration curves, response factors, or unique equations or 
coefficients used to reduce instrument responses into concentrations. 

From time to time, the laboratory group leaders will review laboratory notebooks for 
accuracy, completeness, and compliance with this QAPP. The laboratory group leader will 
verify entries and calculations. If the entries on the pages are correct, the laboratory group 
leader will initial and date the pages. Corrective action will be taken for incorrect entries 
before the laboratory group leader signs. 

Laboratory Project File 
Documentation will be placed in a single, secured project file, maintained by the laboratory 
project manager. This file will consist of the following components, filed chronologically: 

• Agreements 
• Correspondence 
• Memorandum 
• Notes and data 

Reports (including QA reports) will be filed with correspondence. Analytical laboratory 
documentation and field data will be filed with notes and data. Filed materials may only be 
removed by authorized personnel on a temporary basis. The name of the person removing 
the file will be recorded. Laboratories will retain project files and data packages for at least 
7 years unless otherwise specified. 

Electronic Media and Hard Copy Storage 
Electronic files will be maintained on CD-ROM or DVD for at least 10 years. Hard copy data 
packages (including chromatograms) will be maintained in files for 7 years. The computer 
tape and hard copy storage should include notation of instrument run files and calibration. 
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2.4 Analytical Method Requirements 
Once the samples have been properly collected and documented, the soil, soil gas, and 
water samples will be submitted to the selected laboratory subcontracted by CH2M HILL 
for analysis. Samples will be analyzed in accordance with this QAPP. Reporting units will 
be based on dry weight (micrograms per kilogram [μg /kg] for soil samples and micrograms 
per liter [μg/L] for groundwater and surface water samples) and on micrograms per meter 
cubed (μg/m3) for indoor air samples. The analytical results will be provided within the 
turnaround times specified in Table 2-1. 

Attachment A specifies the target analytes and the required reporting limit by method and 
matrix. The analyte list and reporting limits were derived based on prior site knowledge 
and to meet the conservative risk-based screening levels. Samples must be analyzed 
undiluted or at the lowest possible dilution. The laboratory will contact the project chemist 
when dilutions are required because of matrix interference. When a target analyte’s 
concentration exceeds the calibration range, a dilution analysis will be performed to 
accurately determine the analyte’s concentration. The laboratory will report the 
undiluted/lowest dilution performed and diluted analyses that are required. 

The laboratory will use analytical SOPs to ensure that the samples submitted are accurate 
and analyzed precisely. The laboratory will follow the requirements in this QAPP, the DoD 
QSM, its own analytical SOP, or the U.S. Environmental Protection Agency (USEPA) 
method guidance when this QAPP does not specify QC criteria. Individual laboratory SOPs 
will be provided upon request. 

2.5 Quality Assurance/Quality Control Requirements 
The analytical laboratory must have a QC program to assess the reliability and validity of 
the analyses being performed. The purpose and creation of QC samples are discussed below. 
Laboratory QC checks indicate the state of control that prevailed at the time of sample 
analysis. QC checks that involve field samples, such as matrix, surrogate spikes, and field 
duplicates, also indicate the presence of matrix effects. Field-originated blanks provide a 
way to monitor for potential contamination to which field samples are subjected. This QAPP 
specifies requirements for method blanks, LCSs, surrogate spikes, and MS/MSDs that 
laboratories participating in the data collection effort must follow. 

A laboratory QC batch is defined as a method blank, LCS, MS/MSD, or a sample duplicate, 
depending on the method, and 20 or fewer environmental samples of similar matrix that are 
extracted or analyzed together. For gas chromatography/mass spectrometry volatile 
analyses, a method blank and LCS/CCV must be analyzed in each 12-hour period. The 
number of environmental samples allowed in the laboratory QC batch is defined by the time 
remaining in the method-prescribed 12-hour time period divided by the analytical run time. 
Each preparation or analytical batch will be identified in such a way as to be able to associate 
environmental samples with the appropriate laboratory QC samples. 
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2.5.1 Quality Assurance/Quality Control Samples 
Quality Control Analyses/Parameters Originated by the Laboratory 
Method Blank. Blanks are used to monitor each preparation or analytical batch for 
interference and/or contamination from glassware, reagents, and other potential sources 
within the laboratory. A method blank is an analyte-free matrix, such as laboratory reagent 
water for aqueous samples; Ottawa sand, sodium sulfate, or glass beads (metals) for soil 
samples, to which reagents are added in the same amount or proportions as are added to the 
samples. It is processed through the entire sample preparation and analytical procedures, 
along with the samples in the batch. There will be at least one method blank per preparation 
or analytical batch. If a target analyte is found at a concentration that exceeds the reporting 
limit, corrective action must be performed to identify and eliminate the contamination source. 
Associated samples must be re-prepared and reanalyzed after the contamination source has 
been eliminated. No analytical data may be corrected for the concentration found in the blank. 

Laboratory Control Sample. The LCS will consist of an analyte-free matrix such as laboratory 
reagent water for aqueous samples or Ottawa sand, sodium sulfate, or glass beads (metals) 
for soil samples spiked with known amounts of analytes that come from a source other than 
that used for calibration standards. Target analytes specified in the QAPP will be spiked 
into the LCS. The spike levels will be less than or equal to the midpoint of the calibration 
range. If LCS results are outside the specified control limits, corrective action must be taken, 
including sample re-preparation and reanalysis, if appropriate. If more than one LCS is 
analyzed in a preparation or analytical batch, the results of the LCSs must be reported. LCS 
recovery outside QC limits affects the accuracy for the entire batch and requires corrective 
action. 

Matrix Spike/Matrix Spike Duplicate. A sample matrix fortified with known quantities of 
specific compounds is called a matrix spike. It is subjected to the same preparation and 
analytical procedures as the native sample. For this project, project-specific MS/MSDs will 
only be collected for method SW8260B and the target analytes specified in the QAPP will be 
spiked into the sample. Matrix spike recoveries are used to evaluate the effect of the sample 
matrix on the recovery of the analytes of interest. An MSD is a second fortified sample 
matrix. A matrix duplicate may be used in place of an MSD for inorganic analyses. The RPD 
between the results of the duplicate matrix spikes measures the precision of sample results. 
Only project-specific samples designated on the COC form will be spiked. The spike levels 
will be less than or equal to the midpoint of the calibration range. MS/MSD pairs will be 
analyzed at a frequency of one pair for every 20 samples. QA/QC precision and accuracy 
criteria are those stated in Attachment B. 

Quality Assurance/Quality Control Analyses Originated by the Field Team 
Field QC samples will be collected to determine the accuracy and precision of the analytical 
results. The QC sample frequencies are stated in the sections below.  

Ambient/Equipment Blanks. Equipment blanks (EBs) will be collected to monitor the 
cleanliness of sampling equipment and the effectiveness of decontamination procedures 
when nondedicated equipment are used. EBs will only be collected for USEPA Method 
SW8260B. Contamination from the sampling equipment can bias the analytical results high or 
lead to false positive results being reported. EBs will be prepared by filling sample containers 
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with laboratory-grade analyte-free water that has been passed through a decontaminated or 
unused disposable sampling device. The required QC limits for EB concentrations are to be 
less than the method’s reporting limit. EBs will be collected at a frequency of 1 per 20 
samples, at a minimum frequency of once a week, when nondedicated sampling equipment 
are used. Samples associated with EBs that have detected target analytes will be assessed. 
The usability of the associated analytical data will be documented, and affected data will be 
appropriately qualified. 

Field Duplicates. Field duplicates will be collected in the field from a single aliquot of the 
sample to determine the precision and accuracy of the field team’s sampling procedures. 
Field duplicates will be collected and analyzed at a frequency of one duplicate for every 
10 USEPA Method SW8260B and TO-15 SIM samples only. The precision criteria for the 
duplicate samples are specified in Attachment B. 

Trip Blanks. Trip blanks will be used to assess the potential introduction of contaminants 
from sample containers or during the transportation and storage procedures. Trip blanks 
will be collected for Method SW8260B and TO-15 SIM samples only.  

The Method SW8260B trip blank will consist of a VOC sample vial filled in the laboratory 
with American Society for Testing and Materials (ASTM) Type II reagent grade water or 
equivalent that is transported to the sampling site, handled like an environmental sample, and 
returned to the laboratory for analysis. Trip blanks will not be opened in the field. They will 
be prepared only when VOC samples are taken. One trip blank will accompany each cooler 
of aqueous samples sent to the laboratory for analysis of VOCs.  

The Method TO-15 SIM trip blank will be collected per day of shipping. The Method TO-15 
SIM trip blanks will be handled like other samples and analyzed in the same manner as the 
primary samples. The trip blank will be analyzed from similar containers as the primary 
samples. The trip blank will be given a sample number and will be listed on the COC form 
according to methods described in Section 2.5. At the laboratory, the trip blank sample will 
be retrieved in the same manner as the actual samples by adding nitrogen to create positive 
pressure in the canister and extracting the contents. 

2.5.2 Data Precision, Accuracy, and Completeness 
Field QA/QC samples and laboratory internal QA/QC samples will be collected and 
analyzed to assess the data’s usability. The method quality objectives (Attachment C) and 
acceptance criteria for precision and accuracy requirements for QC samples (Attachment B) 
will be used to assess data usability. The QA/QC criteria for the internal laboratory QC 
samples that are not referenced in the appropriate analytical SOPs shall be those stated in 
the referenced methods. Completeness is the percentage of usable data obtained during the 
sampling event and its acceptance criteria is project-specific. 
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Precision 
The precision of laboratory analysis will be assessed by comparing the analytical results 
between MS/MSDs. The precision of the field sampling procedures will be assessed by 
reviewing field duplicate sample results. The RPD will be calculated for the duplicate 
samples using the equation 

%RPD = {(S - D)/[(S + D)/2]} × 100 

where: 

 S = First sample value (original value) 
 D = Second sample value (duplicate value) 

The precision criteria for the duplicate samples will be ±30 percent in soil samples and 
±20 percent in water samples. Sample results will be qualified “J” as estimated in quantity 
when the QC limit is exceeded. Attachment B states the acceptable MS/MSD precision 
criteria. 

Accuracy 
Accuracy of laboratory results will be assessed for compliance with the established QC 
criteria using the analytical results of method blanks, reagent/ preparation blanks, and 
MS/MSD samples. Laboratory results accuracy will be assessed for compliance with the 
established QC criteria described in the analytical SOPs. The percent recovery (%R) of LCSs 
will be calculated using the equation 

%R = (A/B) × 100 

where:  

 A = The analyte concentration determined experimentally from the laboratory 
control sample 

 B = The known amount of concentration in the sample 

The accuracy criteria for the QA/QC samples are those stated in Attachment B. 

Completeness 
The completeness of laboratory analytical results will be assessed for compliance with the 
amount of data required for decision making. Complete data are those that are not rejected. 
Data with qualifiers such as “J” or “UJ” are still deemed acceptable and can still be used to 
make project decisions. The completeness of the analytical data is calculated using the equation 

% Completeness = [(Valid data obtained)/(Total data planned)] × 100 

The percent completeness goal for this sampling event is 90 percent. 

Representativeness 
Representativeness is the degree to which sampling data accurately and precisely represent 
site conditions, and is dependent on sampling and analytical variability and the variability 
of environmental media at the site. Representativeness is a qualitative “measure” of data 
quality. 
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The goal of achieving representative data in the field starts with a properly designed and 
executed sampling program that carefully considers the project’s overall DQOs. Proper 
location controls and sample handling are critical to obtaining representative samples. 

The goal of achieving representative data in the laboratory is measured by assessing 
accuracy and precision. The laboratory will provide representative data when the analytical 
systems are in control; therefore, representativeness is a redundant DQO for laboratory 
systems if proper analytical procedures are followed and holding times are met. In addition, 
laboratories must demonstrate that the staff is qualified to perform the analyses, certified, 
and proficient in the analytical methods being employed. 

Comparability 
Comparability is the degree of confidence to which one data set can be compared to another. 
Comparability is a qualitative “measure” of data quality. 

The goal of achieving comparable data in the field starts with a properly designed and 
executed sampling program that carefully considers the project’s overall DQOs. Proper 
location controls and sample handling are critical to obtaining comparable samples. 

The goal of achieving comparable data in the laboratory is measured by assessing accuracy 
and precision. The laboratory will provide comparable data when the analytical systems are 
in control. Therefore, comparability is a redundant DQO for laboratory systems if proper 
analytical procedures are followed and holding times are met. 

Sensitivity 
Sensitivity is the ability of the method or instrument to detect the contaminant of concern 
and other target compounds at the level of interest. Appropriate sampling and analytical 
methods will be selected (Table 2-1) that have QC acceptance limits that support the 
achievement of established performance criteria (see Attachment A for reporting limit 
objectives). Assessment of analytical sensitivity will be performed during data validation. 

2.6 Instrument and Equipment Testing, Inspection, and 
Maintenance Requirements 

2.6.1 Field Instrument Maintenance 
Field equipment will be maintained as necessary. Equipment maintenance procedures will 
be followed in accordance with the manufacturer’s specifications. Field staff will not 
attempt major repairs of field equipment. Equipment will be shipped to the manufacturer if 
repairs are required. 

Before measurements are made, field equipment will be decontaminated according to the 
specifications in Section 5 of the FSP. Field equipment also will be decontaminated between 
sampling locations. 
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2.6.2 Laboratory Equipment/Instruments 
Only qualified personnel will service instruments and equipment. Repairs, adjustments, and 
calibrations will be documented in the appropriate logbook or data sheet. 

Instrument Maintenance 
Preventive maintenance of laboratory equipment will follow guidelines recommended by 
the manufacturer. A malfunctioning instrument will be repaired by in-house staff or 
through a service call to the manufacturer. 

The laboratory will maintain a sufficient supply of spare parts for its instruments to 
minimize downtime. Whenever possible, backup instrumentation will be on hand. 

Whenever practical, analytical equipment should be maintained under a service contract. 
Such contracts allow for preventative system maintenance and repair as necessary. The 
laboratory should have sufficiently trained staff to allow for the day-to-day maintenance of 
equipment. Laboratory instruments will be maintained in accordance with manufacturer’s 
specifications and within the requirements of the laboratory QA manual. Maintenance must 
be documented in the logbooks. 

Equipment Monitoring 
Operation of balances, ovens, refrigerators, and water purification systems will be checked 
daily and documented. Discrepancies will be reported immediately to the appropriate 
laboratory personnel for resolution. Specific laboratory preventative maintenance 
procedures are found in the laboratory’s internal laboratory QA manual. 

2.7 Instrument Calibration and Frequency 
2.7.1 Laboratory Instruments 
Qualified personnel will calibrate laboratory instruments before sample analysis according 
to the procedures specified in each method, analytical SOPs, and as noted below. 
Calibration will be verified at method-specified intervals throughout the analysis sequence. 
The frequency and acceptance criteria for calibration are specified for each analytical 
method, with supplemental requirements defined below for organic methodologies. When 
multipoint calibration is specified, the concentrations of the calibration standards should 
bracket those expected in the samples. Samples will be diluted, if necessary, to bring analyte 
responses to within the calibration range. Data that exceed the calibration range cannot be 
reported by the laboratory. The initial calibration curve will be verified as accurate with a 
standard that is purchased or prepared from an independent second source. The initial 
calibration verification involves the analysis of a standard containing the target analytes, 
typically in the middle of the calibration range, each time the initial calibration is performed. 
Quantitation based on extrapolation is not desirable. Designated laboratory personnel 
performing QC activities will maintain and file records of calibration, repairs, or 
replacement. These records will be filed where the work is performed and subject to a 
QA audit. 
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Standards used in equipment must be traceable, directly or indirectly, to the NIST. 
Standards received will be logged into standard receipt logs maintained by the individual 
analytical groups. Each group maintains a standards log that tracks the preparation of 
standards used for calibration and QC purposes. 

Calibration Techniques 
Calibration will be performed in accordance with the DoD QSM and this QAPP. The 
summaries of calibration requirements are included in the tables in Attachment C. 

Continuing Calibration 
Periodic verification of the initial calibration is essential in generating analytical data of 
known quality. The CCV analyses ensure that the instrument has not been adversely 
affected by the sample matrix or other instrument failures that would increase or decrease 
the sensitivity or accuracy of the method. The laboratory will perform continuing calibration 
for the methods according to the specific requirements in the DoD QSM and those listed in 
Attachment C. No sporadic marginal failures are allowed for this project. 

2.8 Inspection and Acceptance Requirements  
for Supplies and Consumables 

The required services must meet the task scope, specified levels of quality, and the submittal 
schedule. Project contractors or vendors should have contractual arrangements with their 
material suppliers. The laboratory director and/or designee is responsible to ensure that the 
supplies and materials are acceptable for their intended use. 

2.9 Data Acquisition Requirements for Nondirect 
Measurements 

This subsection describes the identity of the types of data needed for project implementation 
and decision making not obtained from direct measurements. 

The project objectives are first identified to assess what types of information are needed to 
implement a project plan to meet the objectives stated in Section 3 of the Phase II RI work 
plan. Typically, the data needed to achieve project objectives include site maps, sampling 
location selection and sample identifiers, laboratory method selection and detection limit 
verification, analytical parameter lists and critical values, field measurement lists, and a 
project schedule. This information is included in the Phase II RI work plan and this QAPP. 

The sampling design and rationale of the Phase II RI activities were based upon 
recommendations made from the draft final Phase I RI report. Section 3 of the Phase II RI 
work plan contains detailed information regarding the sampling design and rationale. Site 
maps and other site characterization data were used in the selection of sample locations. 
Since the data were collected based on approved work plans, further evaluation regarding 
data quality for historical information was not performed by CH2M HILL. Other nondirect 
measurement data are for nonquantitative use and were not subject to additional review. 
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2.10 Data Management 
Data management entails storing, handling, accessing, and securing data collected during 
the project. Data gathered during this project will be consolidated and compiled into a 
project database that can be used to support project data reporting and exports for transfer 
to a data management system as defined by USACE. The following sections describe the 
project’s data management process and associated project staff responsibilities. 

2.10.1 Team Organization and Responsibilities 
Project team roles and responsibilities are presented in Section 2 of the FSP. 

2.10.2 Sample Tracking 
The project chemist is responsible for tracking samples and deliverables to ensure that the 
analytical results for samples sent for analysis are received. The FTL will send the project 
chemist the COC forms to initiate the sample tracking process. 

2.10.3 Data Types 
Activities performed at the site will involve accessing a number of different types of data 
collected or retained for various uses. The following provides a general description of the 
overall contents of the project files/database. 

Site Characterization Data 
Data will be added to the project database as available. The data will include new data 
collected in the field and laboratory and reviewed by CH2M HILL. The data will be 
reviewed using the automated data review (ADR) system and retained in the project 
database for export to other applications or USACE’s data management system application. 

2.10.4 Data Tracking and Management 
CH2M HILL will maintain a tracking system for each COC/laboratory sample delivery 
group collected. The data will be tracked from collection through completion and review of 
the data verification process. 

Electronic Data Deliverables 
EDDs will be submitted from the laboratory in the Staged Electronic Data Deliverables 
Stage 2B format. 

Hard Copy 
Raw analytical laboratory data are stored as the original hard copy. Hard copy information 
includes COC forms, analytical bench sheets, instrument printouts and chromatograms, 
certificates of analyses, and QA/QC report summaries. 

Data Input Procedures 
Sampling information, analytical results, applicable QA/QC data, data validation qualifiers, 
and other field-related information will be applied to the electronic data using the ADR 
system. 
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2.10.5 EDD Verification and Automated Data Review 
Before the laboratory analytical data are entered into the ADR system, the laboratory EDD 
must be processed through the EDD QC tool provided with it. The EDD verification 
application includes several automated diagnostic checks to verify format and content 
compliance with EDD specifications. The analytical laboratory must use the EDD 
verification tool to check the format and content compliance of its EDD files, and correct 
errors prior to transmitting the EDD. The laboratory must forward the checked (and 
corrected as necessary) EDD and hard copy of the data to the project chemist, who will 
ensure that the EDD verification process and loading occurs. 

The EDD must be checked again (by CH2M HILL) using the EDD verification tool to verify 
correct format and content. If errors are found, the file will be returned to the laboratory for 
correction and resubmittal. Even if the formatting of the EDD is completely correct, the data 
loader may reject the EDD if the contents of the file do not comply with the data library 
standardization requirements. 

These checks must be conducted to ensure the consistency, completeness, and validity of 
EDD content before the data are electronically transferred to ADR for data validation. The 
objective of applying the EDD verification application is to ensure that the verification/ 
validation process is carried out on consistently high-quality data, and to minimize the 
chance of finding data errors later in the validation process and thus avoid rework. 

Once the EDD verification is complete, the EDD must be electronically transferred into the 
ADR system for data quality verification according to project specifications. At import, the 
data are checked against a list of valid values. Once error messages are resolved, validation 
can begin. 

ADR will be operated in a semi-automated mode for performing the validation of the 
environmental analytical data. Before operating ADR in a semi-automated fashion for data 
verification, the project chemist must configure various tables that contain the QC 
information, associated validation logic, and the qualifiers applied for various QC criteria 
that are not achieved. Flagging criteria will be based on this QAPP. 

2.10.6 Evidence File 
The final evidence file will be the central repository for documents that constitute evidence 
relevant to sampling and analysis activities. The CH2M HILL project manager is the 
custodian of the evidence file and maintains the contents of the evidence files for the project, 
including relevant records, reports, logs, field notebooks, pictures, contractor reports, and 
data reviews in a secured area with limited access. 

CH2M HILL will keep records until project completion and closeout. As necessary, records 
may be transferred to an offsite records storage facility. The records storage facility must 
provide secure, controlled-access records storage. Records of raw analytical laboratory data, 
QA data, and reports will be kept by the subcontract laboratory for at least 7 years. 
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SECTION 3 

Assessment and Oversight 

3.1 Assessments and Response Actions 
Field and laboratory assessments will be performed to assess technical and procedural 
compliance with this QAPP. Performance and system audits are paramount to ensuring 
compliance. The audits are conducted for the following purposes: 

• Confirm that appropriate documents are properly completed and kept current and 
orderly 

• Ensure measurement systems are accurate 

• Identify nonconformance or deficiencies and to initiate necessary corrective actions 

• Verify that field and laboratory QA procedures called for in this QAPP are properly 
followed and executed 

The project chemist and the laboratory QAM are responsible for ensuring conformance with 
this QAPP and internal laboratory analytical SOPs. The FTL is responsible for ensuring 
conformance with field activities SOPs as specified in the sampling and analysis plan (SAP). 
Activities selected for audit will be evaluated against specified requirements, and the audit 
will include an evaluation of the method, procedures, and instructions. Documents and 
records will be examined as necessary to evaluate whether the QA program is effective and 
properly implemented. Reports and recommendations must be prepared on audits and 
submitted to the QAM for retention in the project files. 

3.1.1 Field Audits 
Planning, scheduling, and conducting QA audits and surveillance are required to verify that 
site activities are being performed efficiently in conformance with approved plans, 
standards, federal and state regulatory requirements, sound scientific practices, and 
contractual requirements. Planned and scheduled audits may be performed to verify 
compliance with aspects of the QA program and to evaluate its effectiveness. Audits will 
consist of the following tasks: 

• Objective examination of work areas, activities, and processes 
• Review of documents and records 
• Interviews with project personnel 
• Review of plans and standards 

The FTL will conduct regular internal reviews of the sampling program during the 
investigation and pay particular attention to the sampling program with respect to 
representativeness, comparability, and completeness of the specific measurement 
parameters involved. 
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The FTL or a designee will review field documentation (COC forms, field daily sheets, and 
logbooks) as it is generated for accuracy, completeness, and compliance with the SAP and 
QAPP requirements. The FTL also will periodically audit field sampling procedures for 
compliance with QAPP procedures. The auditor will check that the following are 
performed: 

• Sampling protocols are followed 
• Samples are placed in proper containers 
• Samples are stored and transported properly 
• Field documentation is completed 

USEPA, USACE, and the state of Missouri hold the right to perform field audits during 
sampling activities. 

Field Corrective Action 
Field corrective actions are discussed in Section 11 of the FSP. 

3.1.2 Laboratory Audits 
The laboratory QAM may conduct internal system audits, which are qualitative evaluations 
of the components of the laboratory QC measurement system. The audit serves to determine 
whether measurement systems are used appropriately. The system audits are conducted to 
evaluate the following: 

• Sample handling procedures 
• Calibration procedures 
• Analytical procedures 
• QC results 
• Safety procedures 
• Record-keeping procedures 
• Timeliness of analysis and reporting 

Laboratories also are subject to external audits, which focus on assessing general laboratory 
practices and conformance to this QAPP. Laboratory audits may be performed before the 
start of analyses and at any time during the course of the project as deemed necessary. 

The laboratory QAM will review internal laboratory performance. The QAM will evaluate 
laboratory precision and accuracy by comparing results of duplicate samples, QC samples, 
spikes, and blanks. The laboratory QAM or other client service personnel will check the 
analytical data before distribution when a beyond-control-limit situation is encountered. 

External laboratory performance reviews may be conducted based on the evaluation of 
results of check samples, which are analyzed as part of USEPA or state certification 
requirements. Performance audits may be conducted by sending “double-blind” 
performance evaluation samples (those not discernable from routine field samples) to the 
analytical laboratory. 
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Laboratory Corrective Action 
Corrective actions may be required for two classes of problems: analytical/ equipment 
problems and noncompliance problems. Analytical/ equipment problems may occur during 
sampling, sample handling, sample preparation, laboratory instrumental analysis, or data 
review. 

A corrective action program will be determined and implemented when a noncompliance 
problem is identified. The person identifying the problem will be responsible for notifying 
the proper project member. If the problem is analytical in nature, information on the 
problem will be communicated to the laboratory QAM and the project chemist, who will in 
turn direct information to proper project members. 

Corrective actions are required whenever an actual or potential out-of-control event is 
noted. The specific investigative action taken will depend on the analysis and the event in 
question. Laboratory personnel are alerted that corrective action may be necessary if any of 
the following occur: 

• QC data are outside the warning or acceptable windows for precision and accuracy 
• Blanks contain target analytes above acceptable levels 
• Undesirable trends are detected in spike recoveries or RPDs between duplicates 
• Unusual changes in detection limits occur 
• Inquiries concerning data quality are received 
• Deficiencies are detected by the laboratory QAM during internal or external audits or 

from results of performance evaluation samples 

Corrective action procedures in the laboratory are often handled at the bench level by the 
analyst, who reviews preparation or extraction procedures for possible errors, and checks 
instrument calibrations, spike and calibration mixes, and instrument sensitivity. If problems 
persist or cannot be identified, matters are referred to the laboratory supervisor, laboratory 
project manager, or laboratory QAM for further investigation. The laboratory project 
manager is to contact CH2M HILL’s project chemist to discuss corrective action. The project 
chemist is responsible for notifying the project manager of corrective action needed. Once 
resolved, full documentation of corrective action procedures will be filed with the 
laboratory QAM after approval by the project manager or the project chemist. Corrective 
action may include the following: 

• Resampling and analyzing 
• Evaluating and amending sampling procedures 
• Evaluating and amending analytical procedures 
• Accepting data and acknowledging the level of uncertainty 
• Reanalyzing the samples, if sample or extract volume is adequate and holding time 

criteria permit 

If resampling is deemed necessary because of laboratory problems, the project chemist and 
the project manager together must identify the appropriate course of action to be taken, 
including potential cost recovery from the laboratory for the additional sampling effort. 
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3.2 Reports to Management 
Audit reports may be submitted to the project manager in accordance with this QAPP. After 
sample results have been received from the laboratory and evaluated, reduced, and 
tabulated, a data evaluation report is generated and submitted to USACE as part of the 
RI report. 
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SECTION 4 

Data Verification, Review, Validation, and 
Usability 

4.1 Data Verification, Review, and Validation 
Data review, verification, and validation are the processes by which data generated in 
support of a project are reviewed against the data QA/QC requirements. The data will be 
evaluated for precision and accuracy against the analytical protocol requirements. 
Nonconformance or deficiencies that could affect the precision or accuracy of the reported 
result will be identified and noted. The effect on the result will then be considered when 
assessing whether the result is sufficient to achieve DQOs. 

Deficiencies discovered as a result of data verification, review and/or validation, as well as 
corrective actions implemented in response, will be documented and submitted in the form 
of a written report. Data validation will be patterned after the USEPA Contract Laboratory 
National Functional Guidelines for Organic Data Review (USEPA 1999), the USEPA Contract 
Laboratory National Functional Guidelines for Inorganic Data Review (USEPA 2002), and the 
USACE Kansas City District Data Quality Evaluation Guidance (USACE 2006). The USACE 
Kansas City District Data Quality Evaluation Guidance, included as Attachment D, may not 
coincide with the USEPA guidelines and will supersede USEPA data validation guidelines. 
The qualifier flags are defined in Table 4-1. 

TABLE 4-1 
Data Validation Flags 
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri 

Flag Interpretation 

R The sample results are rejected because of serious deficiencies in the ability to analyze the sample 
and meet quality control criteria. The presence or absence of the analyte cannot be verified.  

J The analyte was positively identified; the associated numerical value is the approximate concentration 
of the analyte in the sample.  

U The analyte was analyzed for but was not detected above the reported sample quantitation limit.  

UJ The analyte was not detected at a concentration above the reported sample quantitation limit; 
however, the reported quantitation limit is approximate and may or may not represent the actual limit 
of quantitation necessary to accurately and precisely measure the analyte in the sample.  

 
CH2M HILL will verify the analytical results of the data collection effort. Four levels of data 
assessment are described below. The project chemist or other program team members will 
verify data verification and data review. CH2M HILL’s project chemist will perform data 
verification, data review, and data validation. For this project, 90 percent of the data will 
undergo data verification and data review by CH2M HILL and 10 percent will undergo 
data validation. 
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Data Verification Verification that the data packages are complete, correct, consistent, 
and compliant with the data package requirements. 

Data Review Verification that samples were analyzed for the methods requested, 
review of the laboratory case narrative for events in the laboratory 
that affect the accuracy or precision of the data, review of summary 
QC indicator data and a “reasonableness” review of the data. 

Data Validation Validation of the analytical data performed as described herein, 
including review of the analytical raw data. 

4.1.1 Data Verification, Data Review, and Data Validation Procedures 
Personnel involved in data validation will be independent of the data generation effort. The 
project chemist will be responsible for the oversight of data verification, review, and 
validation. Data verification and review will be carried out when the data packages are 
received from the laboratory. It will be performed on an analytical-batch basis using the 
summary results of calibration and laboratory QC, as well as those of the associated field 
samples. The following items will be addressed in the data verification and data review: 

• A review of the data set narrative to identify issues that the laboratory reported in the 
data deliverable 

• A check of sample integrity (sample collection, preservation, and holding times) 

• An evaluation of basic QC measurements used to assess the accuracy, precision, and 
representativeness of data, including QC blanks, LCSs, MS/MSDS, surrogate recovery 
when applicable, and field or laboratory duplicate results 

• A review of sample results, target compound lists, and detection limits to verify that 
project analytical requirements are met 

• For those methods that employ second column/detector confirmation, evaluation of 
data for precision between the two columns or detectors 

• Initiation of corrective actions, as necessary, based on the data review findings 

• Qualification of the data using appropriate qualifier flags, as necessary, to reflect data 
usability limitations 

Qualifier flags, if required, will be applied to the electronic sample results. If multiple flags 
are required for a result, the most severe flag will be applied to the electronic result. The 
hierarchy of flags from the most severe to the least severe will be as follows: R, UJ, U, and J. 
Significant data quality problems will be brought to the attention of the project chemist. 

4.1.2 Data Assessment 
Data generated for the project will be evaluated according to the QA acceptance criteria 
specified in this QAPP. Limitations on data usability will be assigned, if appropriate, as a 
result of the validation process described in Section 4.1 
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ATTACHMENT A—TARGET ANALYTE REPORTING LIMITS 

A-1 

TABLE A-1 
Reporting Limits for Method SW8260B-Soil Samples (µg/kg) 
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri 

Analyte 
CAS 

Number 
PEL 
MDL 

PEL 
RL 

Minimum 
Screening 

Level Screening Level Source 

1,2-Dichloroethane 107-06-2 0.49 2 20 USEPA Soil Screening Level, Migration to Groundwater, DAF 20 PRG 

cis-1,2-Dichloroethene 156-59-2 0.61 2 400 USEPA Soil Screening Level, Migration to Groundwater, DAF 20 PRG 

Tetrachloroethene 127-18-4 1.1 5 60 USEPA Soil Screening Level, Migration to Groundwater, DAF 20 PRG 

trans-1,2-Dichloroethene 156-60-5 0.91 2 700 USEPA Soil Screening Level, Migration to Groundwater, DAF 20 PRG 

Trichloroethene 79-01-6 0.46 2 43 USEPA Region 6 Soil Screening Level, Residential Soil 

Vinyl chloride 75-01-4 0.61 2 10 USEPA Soil Screening Level, Migration to Groundwater, DAF 20 PRG 

µg/kg – microgram per kilogram 
CAS – Chemical Abstract Service 
MDL – method detection limit 
RL – reporting limit 
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TABLE A-2 
Reporting Limits for Method SW8260B-Water Samples (µg/L) 
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri 

Analyte CAS Number PEL MDL PEL RL 
Minimum Screening 

Level Screening Level Source 

1,2-Dichloroethane 107-06-2 0.44 1 5 USEPA MCL 

cis-1,2-Dichloroethene 156-59-2 0.34 1 70 USEPA MCL 

Tetrachloroethene 127-18-4 0.57 1.14 5 USEPA MCL 

trans-1,2-Dichloroethene 156-60-5 0.39 1 100 USEPA MCL 

Trichloroethene 79-01-6 0.38 1 5 USEPA MCL 

Vinyl chloride 75-01-4 0.46 1 2 USEPA MCL 

µ/L – microgram per kilogram 
CAS – Chemical Abstract Service 
MDL – method detection limit 
RL – reporting limit 

 

TABLE A-3 
Reporting Limits for Method SW6010B-Soil Samples (mg/kg) 
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri 

Analyte 
CAS 

Number 
PEL 
MDL 

PEL 
RL 

Minimum  
Screening Level Screening Level Source 

Arsenic 630-20-6 0.5 1 23 USGS Missouri Database of Background Concentrations in Soil_Upper 95% UTL  

mg/kg – milligram per kilogram 
CAS – Chemical Abstract Service 
MDL – method detection limit 
RL – reporting limit 
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TABLE A-4 
Reporting Limits for Method SW1311/6010B-Soil Samples (mg/L) 
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri 

Analyte CAS Number PEL MDL PEL RL Minimum Screening Level Screening Level Source 

Arsenic 7440-38-2 0.043 0.15 5 USEPA Land Disposal Restriction 

Barium 7440-39-3 0.0022 0.1 100 USEPA Land Disposal Restriction 

Cadmium 7440-43-9 0.0072 0.05 1 USEPA Land Disposal Restriction 

Chromium 7440-47-3 0.004 0.1 5 USEPA Land Disposal Restriction 

Lead 7439-92-1 0.037 0.15 5 USEPA Land Disposal Restriction 

Selenium 7782-49-2 0.04 0.15 1 USEPA Land Disposal Restriction 

Silver 7440-22-4 0.0051 0.1 5 USEPA Land Disposal Restriction 

Mercury 7439-97-6 0.00025 0.002 0.2 USEPA Land Disposal Restriction 
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TABLE A-5 
Reporting Limits for Method TO15 SIM – Indoor Air (ug/m3) 
Saint Louis Ordnance Plant, St. Louis MO 

Chemical of Concern CAS MDL RL Minimum Screening Level  Screening Level Source 

1,2-Dichloroethane 107-06-2 0.0015 0.0081 0.074 USEPA Region 6 

cis-1,2-Dichloroethene 156-59-2 0.0022 0.0079 37 USEPA Region 6 

Tetrachloroethene 127-18-4 0.0028 0.014 0.33 USEPA Region 6 

trans-1,2-Dichloroethene 156-605 0.0015 0.0079 63 USEPA Region 6 

Trichloroethene 79-01-6 0.003 0.011 0.017 USEPA Region 6 

Vinyl chloride 75-01-4 0.00054 0.0051 0.16 USEPA Region 6 

µg/m3 – microgram per cubic meter 
CAS – Chemical Abstract Service 
MDL – method detection limit 
RL – reporting limit 
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ATTACHMENT B—ACCURACY AND PRECISION CRITERIA 

B-1 

TABLE B-1 
Control Limits for Method SW8260B 
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri 

Analyte CAS Number Accuracy LCL Accuracy UCL Precision - Waters Precision - Soils 

1,1-Dichloroethane 75-34-3 70 130 20 30 

cis-1,2-Dichloroethene 156-59-2 70 130 20 30 

Tetrachloroethene 127-18-4 70 130 20 30 

Trans-1,2-Dichloroethene 156-60-5 70 130 20 30 

Trichloroethene 79-01-6 70 130 20 30 

Vinyl chloride 75-01-4 70 130 20 30 

 
 

TABLE B-2 
Control Limits for Method SW6010B 
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri 

Analyte CAS Number Accuracy LCL Accuracy UCL 
Precision - 

Waters 
Precision - 

Soils 

Arsenic 7440-38-2 80 120 20 20 
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TABLE B-3 
Control Limits for Method TO-15 SIM 
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri 

Chemical of Concern CAS Number Accuracy LCL Accuracy UCL Precision 

1,2-Dichloroethane 107-06-2 70 130 30 

cis-1,2-Dichloroethene 156-59-2 70 130 30 

Tetrachloroethene 127-18-4 70 130 30 

trans-1,2-Dichloroethene 156-605 70 130 30 

Trichloroethene 79-01-6 70 130 30 

Vinyl chloride 75-01-4 70 130 30 
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TABLE C-1 
Summary of Method Quality Objectives for Method 8260—Volatile Organic Compounds 
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri 

Quality Control 
Element 

Description of 
Element 

Frequency of 
Implementation Acceptance Criteria Corrective Action Flagging Criteria for Validator 

BFB tuning Ion abundance 
relative to m/z 95 
base peak. 

Every 12 hours Method criteria Correct problem and 
rerun. 

No flagging criteria – MUST 
RETUNE before analysis of 
samples. Reject data. 

Initial calibration Minimum five-point 
curve. 

 SPCC: minimum RF values 
per method requirements. 

CCCs: verify RSD ≤ 30% 
And analytes: r ≥ 0.99, 
RSD ≤ 15%. 

r2 ≥ 0.99, mean RSD 
≤ 15% with a maximum 
RSD ≤ 20%, for up to 5% 
for a noncontaminant of 
concern). 

Correct problem and 
rerun.  

Qualify with R when less than five 
std. were used. When RSD 
exceeds 15% or correlation is less 
than 0.99 -J/R. Manual integration 
is NOT acceptable for initial 
calibrations, except for the low 
level calibration concentrations 
(1st and 2nd point of the 
calibration curve).  

Initial calibration 
verification  

Mid-level (2nd source) 
verification. 

After initial 
calibration 

75–125%  Correct problem and 
repeat. 

For results greater than the 125%, 
apply J to positives. For a result < 
75% and > 60%, apply J to 
positives and UJ to nondetects. 
For recovery < 60%, apply J to 
positives and R to nondetects. 

Continuing 
calibration 
verification  

Mid-level verification. At the beginning 
of every 12 
hours 

Instrument Evaluation: 

SPCC: minimum RF values 
per method requirements 

CCC: verify %D ≤ 20%. 

Correct the problem, 
reanalyze CCV, if 
problem continues repeat 
initial calibration. 

If %D > 20% for each target 
analyte with a negative bias -J/R. 
or for each target analyte with a 
positive bias -J positives only. 

Internal standards Analytically spiked 
nontarget compounds 
used to calculate the 
concentration of target 
compounds present. 

Every sample Retention time ≤ 30 
seconds from retention 
time of the mid-point std. in 
the CCC for the sequence. 
EICP area within –50% to 
+100% of the CCC mid-
point std. 

Inspect mass 
spectrometer and GC for 
malfunctions; mandatory 
reanalysis of samples 
analyzed while system 
was malfunctioning. 

See Attachment D. 
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TABLE C-1 
Summary of Method Quality Objectives for Method 8260—Volatile Organic Compounds 
St. Louis Ordnance Plant, Former Hanley Area, St. Louis, Missouri 

Quality Control 
Element 

Description of 
Element 

Frequency of 
Implementation Acceptance Criteria Corrective Action Flagging Criteria for Validator 

Method blank  Reagent blank to 
assess method 
contamination. 

1 per sample 
batch 

No analytes > ½ reporting 
limit.  

Contact project chemist for 
approval to report data that 
do not conform to 
acceptance criteria. 

See Attachment D. 

Laboratory control 
sample  

Interference-free matrix 
containing all target 
analytes. 

1 per sample 
batch 

See limits in Attachment B. Correct problem and 
repeat. 

See Attachment D. 

Matrix spike and 
matrix spike 
duplicate 

Sample matrix spiked 
with alltarget analytes 
prior to analysis. 

1 pair per sample 
batch 

See limits in Attachment B. Verify that there is not a 
laboratory error. Inform 
project chemist of recovery 
outliers. 

See Attachment D. 

Surrogates  Per sample See limits in Attachment B. Rerun samples when < LL 
unless project chemist 
approves no reanalysis. 

See Attachment D. 

EICP = extraction ion current profile 
RF = response factor 
SPCC = system performance check compound 
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TABLE C-2 
Summary of Method Quality Objectives for Method SW6010B—Arsenic  
Former St. Louis Ordnance Plant, St. Louis, Missouri 

Quality 
Control 
Element 

Description of 
Element 

Frequency of 
Implementation Acceptance Criteria Corrective Action Flagging Criteria for Validator 

Initial 
Calibration 

3 standards and a 
blank. 

Daily. R ≥ 0.995 Correct problem and 
repeat. 

Apply R to associated results when not 
performed daily or when correlation is less 
than 0.995 -J/R. 

Instrument 
Precision 

RSD 3 integrations 
(exposures). 

Each calibration 
and calibration 
verification 
standard 
(ICV/CCV). 

RSD < 5% Correct problem and 
repeat. 

Apply J to associated positives. 

MDL Level 
Verification 

MDL check (2× 
MDL no digestion). 

Once per 
quarter per 
instrument used. 

Analytes detected. Correct MDL and 
repeat. 

Apply R to nondetects. 

MRL Level 
Verification 

QC/MRL: Low-
level check 
standard at MRL. 

[Iron can be 
between the MRL 
and 2× MRL level. 

At the beginning 
of the daily 
sequence. 

70–130% Correct problem and 
repeat. Or run MDL 
check to verify the 
nondetect results 

For results greater than the UL, apply J to 
positives. For a result marginally less than 
the LL (65–70%), apply J to positives and UJ 
to nondetects. For recovery more than 
marginally out (65%), apply J to positives and 
R to nondetects. If MDL check was run at 
end and acceptable do not reject data 

Initial 
calibration 
verification 
(ICV) 

Mid-level (2nd 
source) 
verification. 

After initial 
calibration. 

90–110% Correct problem and 
repeat. 

For results greater than the UL, apply J to 
positives. For a result marginally less than the 
LL (85–90%), apply J to positives and UJ to 
nondetects. For recovery more than marginally 
out (< 85%), apply J to positives and R to 
nondetects. 

Initial 
calibration 
blank 

Interference-free 
matrix to assess 
analysis 
contamination. 

After initial 
calibration 
verification. 

Analytes < 1/2 MRL 
(up to 5% may 
exceed). 

Correct problem and 
repeat. 

See Attachment D. 

Continuing 
calibration 
blank 

Interference-free 
matrix to assess 
analysis 
contamination. 

Every 10 
samples and at 
end of analytical 
sequence. 

Analytes < 1/2 MRL 
(up to 5% may 
exceed). 

Correct problem and 
repeat. 

See Attachment D. 
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TABLE C-2 
Summary of Method Quality Objectives for Method SW6010B—Arsenic  
Former St. Louis Ordnance Plant, St. Louis, Missouri 

Quality 
Control 
Element 

Description of 
Element 

Frequency of 
Implementation Acceptance Criteria Corrective Action Flagging Criteria for Validator 

Continuing 
calibration 
verification 
(CCV)  

Mid-level 
verification. 

Every 10 
samples and at 
end of analytical 
sequence. 

90–110% Correct problem and 
repeat. 

For results greater than the UL, apply J to 
positives. For a result marginally less than the 
LL (85–90%), apply J to positives and UJ to 
nondetects. For recovery more than marginally 
out (< 85%), apply J to positives and R to 
nondetects. 

Method blank  Reagent blank to 
assess method 
contamination. 

1 per sample 
batch. 

Analytes < 1/2 MRL.  Redigest and repeat. See Attachment D. 

Laboratory 
control sample  

Interference-free 
matrix containing 
all target analytes. 

1 per sample 
batch. 

See limits in 
Attachment B. 

Correct problem and 
repeat. 

See Attachment D. 

Matrix spike 
and matrix 
spike duplicate 
(predigested) 

Sample matrix 
spiked with all 
target analytes 
prior to digestion. 

1 per sample 
batch. 

See limits in 
Attachment B. 

Verify that there is not a 
laboratory error. Inform 
project chemist of 
recovery outliers. 

See Attachment D. 

Matrix 
duplicate, may 
be used in 
place of matrix 
spike duplicate 

A USACE sample 
digested in 
duplicate. 

1 per sample 
batch when 
MSD not 
performed. 

RPD ≤ 30% Verify that there is not a 
laboratory error. Inform 
project chemist of 
recovery outliers. 

Flag positives for the analytes out with a J in 
associated samples. 

Post-digestion 
spike 

Sample digestate 
spiked with all 
target analytes. 

As needed to 
confirm matrix 
effect. 

Recovery: 75–125% Verify that there is not a 
laboratory error. 

For positive associated results where 
recovery is > 125% or between 30–75%, flag 
with J. For nondetect associated results 
where recovery is between 30–74%, flag UJ. 
Results associated with an analyte recovery 
< 30%, flag R. 

Serial dilution  5× dilution 
analyzed to 
assess matrix 
effect. 

As needed to 
assess new and 
unusual 
matrices. 

Agreement between 
undiluted and diluted 
results within 10%. 

Verify that there is not a 
laboratory error. 

Flag associated positives with J. 

RSD = relative standard deviation 
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TABLE C-3 
Method Quality Objectives for Method TO-15 SIM 
Former St. Louis Ordnance Plant, St. Louis, Missouri 

Quality Control 
Check Frequency Evaluation 

Laboratory Corrective 
Action Validation Flag 

Samples 
Affected 

Holding time exceeded for 
analysis 

Contact project chemist J positive results; 
UJ nondetects 

Holding Time Samples analyzed within 
30 days of collection. 

Holding time exceeded by a 
factor of two 

Contact project chemist J positive results; 
R nondetects 

Sample 

BFB tune (SCAN 
mode analysis 
only) 

Every 24 hours prior to 
sample analysis 

Per Method TO-15 Correct the problem and 
re-tune instrument 

J positive results, 
UJ nondetects 

All associated 
samples in 
analysis batch 

Initial Calibration Prior to sample analysis, 
or when calibration 
verification fails 

Analyte >30 % RSD, or 
linear/non-linear regression with 
coefficient of 
correlation/determination<0.99 

Correct the problem and 
repeat the initial calibration 

J positive results, 
UJ nondetects 

All associated 
samples in 
analysis batch 

RRF %D <30% Correct the problem, then 
recalibrate and reanalyze 
all samples since the last 
acceptable continuing 
calibration verification 

J positive results, 
UJ nondetects 

Calibration 
Verification 

At the start of each 
analytical sequence, 
after every 24 hours 

RRF %D >30% Correct the problem, then 
recalibrate and reanalyze 
all samples since the last 
acceptable continuing 
calibration verification 

J positive results 

All associated 
samples in 
analysis batch 

Method Blank At least one per 
analytical batch 

No analytes detected at or 
above the RL 

Correct the problem, and 
reanalyze the blank and all 
samples in the analytical 
batch; flag data 

U positive sample 
results < 5 times 
highest blank 
concentration 

All samples in 
analysis batch 

Laboratory Control 
Sample 

At least one per 
analytical batch 

Analyte recoveries < LCL or > 
UCL 

Correct the problem, and 
reanalyze the LCS and all 
samples (if appropriate) in 
the analytical batch; flag 
data 

See Attachment E All samples in 
analysis batch 
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TABLE C-3 
Method Quality Objectives for Method TO-15 SIM 
Former St. Louis Ordnance Plant, St. Louis, Missouri 

Quality Control 
Check Frequency Evaluation 

Laboratory Corrective 
Action Validation Flag 

Samples 
Affected 

Surrogates Every QC and field 
sample 

Analyte recoveries < LCL or > 
UCL 

Correct the problem and 
reanalyze; flag results 

See Attachment E Sample results 

Recovery < LCL but not <10% J positive results, 
UJ nondetects 

Recovery > UCL J positive results 

Internal Standards Every QC and field 
sample 

Recovery <10% 

Correct the problem, and 
reanalyze the LCS and all 
samples in the analytical 
batch; flag data 

J positive results, 
R nondetects 

Sample results 

Concentration ≥5 times the RL 
in either sample and RPD > 
UCL 

J positive results Field duplicate Every 10 samples 

Concentration in both samples < 
5 times the RL and absolute 
difference between the two 
concentrations greater than 2 
times the RL 

NA 

J positive result; 
UJ nondetect 

Associated 
primary sample 

Concentration ≥5 times the RL 
in either sample and RPD > 
UCL 

J positive results Lab duplicate Every 20 samples 

Concentration in both samples < 
5 times the RL and absolute 
difference between the two 
concentrations greater than 2 
times the RL 

Correct the problem and 
reanalyze (if appropriate); 
flag results 

J positive result; 
UJ nondetect 

Associated 
primary sample 

LCL = lower control limit 
RL = reporting limit 
RPD = relative percent difference 
RSD = relative standard deviation 
UCL = upper control limit 
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ATTACHMENT D 

USACE, Kansas City District Data Quality 
Evaluation Guidance 
August 18, 2003; Revised February 22, 2006 

Introduction 
This guidance, when used, is meant to be used according to the directions in the project’s 
QAPP for evaluating the quality of the data and will be appended to the QAPP. The QAPP 
may use any part or none of this guidance as necessary to meet project demands. This is not 
laboratory guidance and is not meant to interfere with the laboratory’s compliance with the 
DoD QSM. It is to be used solely by data quality evaluators, reviewers and usability 
assessors. This guidance is meant to serve as an initial base from which to build a data 
quality evaluation program on data generated from a project. When used, it is understood 
that deviations from the written guidance will sometimes be necessary. It is expected that 
these deviations will be listed and the deviations justified in writing. 

When data fails to conform to the requirements stated in the QAPP (for example, failure to 
perform corrective actions), the data stands the risk of being rejected by the data evaluator. 

Evaluation Procedure 
Data quality will be determined by the evaluation of the minimum following items: 

• Holding times 
• Method detection limits 
• Blanks 
• Laboratory control samples 
• Matrix spikes/matrix spike duplicates 
• Matrix duplicates/precision 
• Surrogate recoveries 
• Second column confirmation 
• Internal standards (optional) 

Holding Times 
1. In general, exceedance of holding times will be qualified as shown: 

a. If no evidence samples were properly preserved for volatiles, exceedance of a 7-day 
holding time results in “R.” 

b. If samples were properly preserved for volatiles, exceedance of a 14-day holding 
time results in “R.”For semivolatile compounds and anions, exceedance of holding 
time results in “R” qualified data. 
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2. Deviations to the above must be justified in writing. If comparison with historical data is 
considered, it must be considered along with other criteria; that is, historical data 
comparison will not be the primary reason for acceptance of data (no qualifier). 

3. Corrective actions taken after holding time exceedance. Corrective actions that take 
place after 1.5 times the holding time will be rejected (R). If laboratory routinely corrects 
after holding time, data will be rejected. Exceptions to this will be justified in writing. 

Method Detection Limits 
1. Result falling below either the MDL or the MRL will be U-qualified. 

2. Results falling between the MDL/MRL and the PQL will be J-qualified. 

3. Unless adequately addressed in the QAPP, data recorded as nondetect will be rejected if 
detection limit is above the action level (AL). 

Blanks 
1. Missing blank and no hierarchy1 blank available, the following is recommended: 

a. Low positive result of each specific analyte will be U-qualified. Low positive result is 
defined as any positive number less than 5 times the maximum blank contamination 
of that analyte found in any blank from any other batch in the dataset. 

b. Medium positive result will be estimated (J). Medium positive result will be any 
result between the low positive result defined above and 10 times that result. 

c. High positive result will be unqualified. 

2. Samples associated with contaminated blanks will be reported with the analytical result 
followed by “U” when the analytical result is less than 5 times the blank contamination 
for uncommon lab contaminants or less than 10 times the blanks contamination for 
common lab contaminants. 

Laboratory Control Samples 
1. Missing LCS. Laboratory will be contacted for missing LCS. Otherwise, data will be 

rejected. 

2. For specific chemicals of concern, LCS recoveries must be within criteria. If not, a 
corrective action must bring them into criteria. If this fails, the following qualifier 
assignment applies: 

a. For purge-and-trap, recoveries outside lab criteria but within 40 to 160 percent or 4σ, 
whichever results in the wider range, result in J-coding the analyte(s) in the samples 
in the batch. If outside 40 to 160 percent or 4σ, data are flagged “R”. 

                                                      
1 A hierarchy blank is a blank that is used to evaluate contamination resulting from processes preceding and including the 
subject missing blank. That is, either an equipment blank or trip blank may be used as a hierarchy blank to the method blank. 
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b. For inorganic analyses, recoveries outside lab criteria but within 60–140 percent or 
4σ, whichever results in the wider range, result in J-coding the analyte(s) in samples 
in the batch. If outside the 60 to 140 percent or 4σ, data are flagged “R”. For 
semivolatiles, recoveries outside lab criteria but within 60 to 140 percent or 4σ, 
whichever results in the wider range, result in J-coding the analyte(s) in the samples 
in the batch. If outside the 60 to 140 percent or 4σ, data are flagged “R”. 

3. Marginal exceedances2 will apply to all other chemicals. Chemicals that fail in this 
category will be rejected. Acceptable recovery ranges for marginal exceedances are listed 
in item 2 above. 

4. When action levels (AL) have been listed, sample results that are greater than 10-fold 
higher than the AL will be unqualified regardless of the magnitude of the LCS failure. 
Samples whose results are less than 10-fold different (high or low) will be qualified 
according to the criteria listed under “Matrix Spikes/Matrix Spike Duplicates.” 

Matrix Spikes/Matrix Spike Duplicates 
Paragraphs 3 through 5 evaluate whether it can be determined by the analytical result if the 
actual concentration of the analyte of concern is above or below the AL. If the analytical 
result is too close to the action level to make such a determination, the result is rejected as 
being unusable. Paragraphs 3 through 5 allow the data evaluator to make this 
determination. Note that these calculations are not needed if it is clear that the analytical 
result is far removed from the AL. 

1. All matrix spikes outside acceptance criteria will be J-coded as a minimum. 

2. Qualification will be based on the most significant failure in the MS and MSD pair. 

3. For MS recoveries less than 100 percent, the analytical result is rejected if the analytical 
result falls at or below the AL or at or above the number calculated from 

)200(100
)200)()((

RPD
RPDALR

+
−

, or AL ≥ sample result ≥ 
)200(100

)200)()((
RPD

RPDALR
+
−

 

where 

AL = action level 
R = percent recovery 
RPD = relative percent difference 

For example, if MS recovery (R) of chrysene is 75 percent, its RPD is 20 percent and its 
AL = 10 ppb, then data that is equal to or greater than 6.13 ppb or equal to or less than 
10 ppb is rejected.3 If MS recoveries are not available for any specific COC, use LCS. 

                                                      
2 A marginal exceedance is defined as being beyond the LCS control limit (3 standard deviations) but within the exceedance 
limit (4 standard deviations). The number of chemicals permitted to have marginal exceedances depend on the total number of 
chemicals in the LCS. This number may be found in the DoD QSM, DoD Appendix D, Section D2, page 180. 
3 The formula presented is calculating a concentration that is below the AL by the same amount as the percent MS recovery 
with an additional lowering considering the analytical variability (expressed as RPD). 
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4. For MS recoveries greater than 100 percent, the analytical result is rejected if the 
analytical result falls at or above the AL or at or below the number calculated 

from
)200(100

)200)()((
RPD

RPDALR
−
+

, or AL ≤ sample results ≤
)200(100

)200)()((
RPD

RPDALR
−
+

. 

5. If the recovery of one member of the MS-MSD pair is less than 100 percent and the 
recovery of the other member is greater than 100 percent, then sample result is 

rejected if 
)200(100

)200)()(( 1

RPD
RPDALR

+
−

≤ sample result ≤ 
)200(100

)200)()(( 2

RPD
RPDALR

−
+

 with R1 and 

R2 the recoveries under 100 percent and over 100 percent, respectively. 

6. Sample results not falling into the above ranges will be rejected if the MS or MSD fails 
and the LCS recovery falls outside the recoveries mentioned under “Laboratory 
Control Samples,” item 2. 

Matrix Duplicates/Precision 
1. Refer to “Matrix Spikes/Matrix Spike Duplicates,” which may be used to cover 

precision. 

2. All other RPDs outside acceptance criteria will be J-coded. 

Surrogate Recoveries 

1. If the surrogate is marginally out and the LCS/blanks surrogate is also out, qualify 
detects of the chemicals considered associated with the noncompliant surrogate (that 
is, chemicals with similar RTs and similar structure as surrogate) with “J” and 
nondetects with “UJ.” 

2. If the surrogate is marginally out in the sample and the surrogate in the LCS or blank is 
in, this should be considered a matrix effect. Qualify chemicals most closely associated 
with the surrogate(s) with “J.” 

3. If the surrogate is grossly outside of 60 to 140 percent for purge-and-trap and 20 to 
180 percent for extractable organics, whether the LCS/blanks surrogates are in or out, a 
corrective action should have been completed. In the absence of a corrective action, 
qualify nondetects with “R” and detects with “J.” 

4. No qualification if surrogates are out due to a chromatographic problem. 

5. No qualification if surrogates are diluted out. 

6. Where multiple surrogates are present, if one or more grossly fail, the data are 
qualified on the most noncompliant surrogate. 

Second Column Confirmation 
1. What constitutes acceptable agreement between two columns will be issued by the 

laboratory. 
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2. In the case of a peak appearing on primary column, but confirmation not run, the 
following will apply: 

a. For long-term monitoring where the identity of the contamination is known for each 
well, lack of confirmation will result in a “J” qualifier. If information is critical, a 
footnote will be given that the location should be resampled; 

b. For areas that have been previously well characterized, and past chromatograms 
have shown no interferences around the chemicals of concern, lack of confirmation 
may go unqualified. This basically covers remedial actions; and 

c. For areas where contamination is questionable, lack of confirmation will result in a 
rejection (R) of the data with a footnote that the sampled area requires 
reinvestigation. 

3. When confirmation was attempted, but interferences obscured the peak on the 
confirmation column, the result would be reported from the column that did not contain 
interferences and J-qualified. Surrogate recoveries will also be reported from that 
column. 

4. When the RPD between the primary column peak and the secondary column peak is 
greater than 40 percent, the quantitation is taken from the smaller peak and J-qualified. 

Internal Standards 

1. The internal standard (IS) peak area of the CCV is the standard, acceptable peak area. 
The IS peak area of samples should be -50 percent to +100 percent of this area. IS areas 
falling outside this range will be qualified according to the following: 

a. For high IS areas in samples which will be greater than 2 times the standard area but 
less than 5 times the standard area should result in “UJ” for nondetects and “J” for 
detects. 

b. For IS areas greater than 5 times the standard area, a corrective action would be 
required. In the absence of a corrective action, any result less than the AL will be 
rejected. All other results will be flagged “J”. 

c. For IS areas less than one-half the standard area but greater than one-fifth the 
standard area, positive results will be flagged “J”. 

d. For IS areas less than one-fifth the standard area in either a matrix spiked sample or 
the LCS, the matrix spike or LCS recovery respectively will be used to determine any 
negative impact on the results. For low IS areas found in other samples, the 
surrogate recoveries will be used for the evaluation. If impacted and the sample 
result is greater than the AL, the result will be rejected. Result also rejected if not 
detected. All other results will be flagged either R- or J-coded. 
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Electronic Data Deliverable Format for CH2M HILL 
The electronic data deliverable (EDD) file from the laboratory will be a comma-delimited ASCII (CDA) file in the format listed below.  
There will be one file per hard copy report and the filename of the EDD file will be in the format REPORTID.txt or REPORTID.csv, 
where REPORTID is the hard copy report identifier of sample delivery group. 

The first row of the EDD will contain the 47 field name values as listed in the EDD Specification Table 

The EDD Specification Table lists the attributes of the columns for each row of the CDA file. The fields should be reported in the 
order indicated.  

The Data Type column describes the value in the field as either text (alphanumeric), number (numeric only), date (format: 
mm/dd/yyyy), or time (24-hour format hh:mm). If the field is conditional or optional and there is no value to be reported, report a 
null (i.e., no) value.  For a text field, do not report a zero-length string (i.e., “”). 

The Data Length column contains the maximum length of a text value for the particular data field.  

The Rqmt column contains a code indicating whether the value is required (R) for all rows, optional (O) for all rows, or conditional 
(C) and depends on the type of result reported. 

The VVL (Valid Value List) column contains a flag to indicate whether the data field has (Y) or does not have (N) a valid value list 
provided by CH2M HILL associated with it. 
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Modification Notes: 

Changes as of May 2005 Revision: 
1. Change the length requirement of LabSampleID (Field No. 9) to 12. 
2. Change the length requirement of SDG (Field No. 3) to 15. 
3. Change the length requirement for LeachLot (Field No. 45) to 10. 
4. Change the length requirement of AnalysisLot (Field No. 46) to 10. 
5. Change the length requirement of CalRefID (Field No. 47) to 10. 
6. Change the description of the FieldID field (Field No. 4) to clarify the contents of the field. 
7. Change the description of the NativeID field (Field No. 5) to clarify the contents of the field. 
8. Change the description of the LRType field (Field No. 7) to clarify the contents of the field. 
9. Change the description of the CAS field (Field No. 21) to clarify the contents of the field. 
10. Change the description of the LabQualifier field (Field No. 30) to clarify the contents of the field. 
11. Change the description of the Basis field (Field No. 37) to clarify the contents of the field. 
12. The list of fields that uniquely identify each row was changed to include LabSampleID. 
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EDD Specification Table 
Field 

Number 
Field 
Name 

Data 
Type 

Data 
Length 

Rqmt VVL Description and 
Comments 

1 VersionCode text 15 R Y Code identifying the version of the EDD deliverable. 
2 LabName text 10 R Y Identification code for the laboratory performing the work. This 

value is used to distinguish among different facilities. 
3 SDG text 15 R N Sample delivery group designation.  Always populated for all 

samples, including QC. 
4 FieldID text 20 R N Client sample ID as appears on COC with optional lab-assigned 

suffixes and/or prefixes to make it unique. If the sample identifier 
on the COC and the prefix/suffix is greater than 20 characters, 
abbreviate the value but make it unique. For laboratory QC samples 
(i.e., method blanks, lab control samples), use a unique lab sample 
identifier. 

5 NativeID text 20 R N Client sample ID, exactly as on the COC.  No prefix or suffix allowed 
on client sample IDs.  Used to identify the native sample from which 
other samples are derived (e.g., QAQCType = “LR”, “MS”, or “SD”). 
For laboratory QC samples (i.e., method blanks, lab control 
samples), use the FieldID value that was assigned. However, for lab 
blank spike duplicate samples, use the FieldID value that was 
assigned to the associated lab blank spike sample. 
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EDD Specification Table 
Field 

Number 
Field 
Name 

Data 
Type 

Data 
Length 

Rqmt VVL Description and 
Comments 

6 QAQCType text 2 R Y This is the code for the sample type. Any field sample that is not 
used as lab QC and is not otherwise marked on the COC should 
have the designation of “N” (normal field sample). No suffix 
allowed (i.e., do not add numbers as suffixes to the QAQCType 
values as is called for in the ERPIMS guidelines).  
Note that if all analyses for a given sample are diluted, then the first 
dilution should be designated as the normal sample. If more 
dilutions are required, then the next dilution should be designated 
as the first true dilution with a QAQCType value of “LR” and a 
LRType value of “DL” (see LRType, below). 

7 LRType text 3 C Y This is the code for laboratory replicate sample type. Values are:  
 blank (if QAQCType value is not “LR”), 
 “DL” (dilution),  
 “RE” (re-analysis),  
 “D” (inorganic duplicate), 
 “CF” (confirmation).  
For multiple dilutions or re-analyses of the same sample, append the 
replicate number after the LRType value (i.e., “RE”, “RE2”, “RE3”, 
etc.). 

8 Matrix text 5 R Y Sample matrix code.  Valid values are as follows: “AIR”, “WATER”, 
“SOIL”, unless otherwise provided by the project data manager and 
marked on the COC. The use of “liquid”, “solid”, etc. for lab QC is 
not allowed. 

9 LabSampleID text 12 R N Laboratory sample ID that is assigned by the laboratory.  Prefix or 
suffix is allowed.  This is where dilutions or re-extractions are noted.  
Ex: “D97-11111RE” is acceptable. 

10 AnalysisMethod text 20 R Y Analysis method code. This is the identifier of the analytical method 
that was performed on the sample. Example: SW8260A. Generic 
names such as “EPA” should not be used.  
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EDD Specification Table 
Field 

Number 
Field 
Name 

Data 
Type 

Data 
Length 

Rqmt VVL Description and 
Comments 

11 ExtractionMethod text 20 R Y Preparation method code.  A value in this field is required. If the 
preparation is described in the method, use “METHOD”.  If there is 
no separate preparation required, use “NONE”.  Note that Total and 
Dissolved metal analyses are differentiated by the value in this 
column.  Note that Total, TCLP, and SPLP analyses are now 
differentiated by the value in the LeachMethod column (see below). 

12 SampleDate date  C N Date of sample collection. Value is required for all samples sent to 
the laboratory and samples derived from those samples.  Format:  
mm/dd/yyyy 

13 SampleTime time  C N Time of sample collection. Value is required for all samples sent to 
the laboratory and samples derived from those samples. 24-hour 
format:  hh:mm 

14 ReceiveDate date  C N Date of sample receipt in the lab.  Value is required for all samples 
sent to the laboratory and samples derived from those samples.  
Format:  mm/dd/yyyy 

15 ExtractDate date  C N Date of sample preparation (extraction or digestion).  Value is 
required if the ExtractionMethod field value is other than “NONE”. 
Format:  mm/dd/yyyy 

16 ExtractTime time  C N Time of sample preparation.  Value is required if the 
ExtractionMethod field value is other than “NONE”. 24-hour format:  
hh:mm 

17 AnalysisDate date  R N Date of sample analysis.  Value is required for all records. Format:  
mm/dd/yyyy 

18 AnalysisTime time  R N Time of sample analysis.  Value is required for all records. 24-hour 
format:  hh:mm 

19 PercentSolids number  R N Percent solids within the sample.  Should be zero for water samples. 
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EDD Specification Table 
Field 

Number 
Field 
Name 

Data 
Type 

Data 
Length 

Rqmt VVL Description and 
Comments 

20 LabLotCtlNum text 10 C N Identifier of an autonomous group of environmental samples and 
associated QC samples prepared together.  For example, its value 
can be a digestion or extraction batch ID.  If there is no separate 
extraction or preparation performed, leave this field blank. 

21 CAS text 20 C N CAS number of analyte, if available. 
22 ParamID text 12 R Y Parameter identifier code for the parameter listed in the Analyte 

field. 
23 Analyte text 60 R N Name of analyte, chemical name. 
24 Result text 10 R N Result of the analysis.  Surrogate analytes will be reported in units of 

percent.  All others will be reported in sample concentration units.  If 
undetected, report the adjusted MDL or adjusted RL, depending on 
the project. (Reported as a text field to preserve significant figures.) 

25 ExpectedValue number  C N “100” for surrogates; “0” (zero) for blanks; spike level plus parent 
result for LCS, and MS/MSD; parent value for lab duplicate; etc. 

26 Units text 10 R Y Units of measure used in the analysis.  Report “PERCENT” for 
surrogate analytes and concentration units for all others. 

27 Dilution number  R N Total dilution reported in the analysis.  Default value should be 1 
(one).  This value should reflect changes to sample preparation 
amounts as defined by the method (e.g., less sample used for 
standard VOC analysis). 

28 MDL number  C N Minimum detection limit adjusted for preparation and dilution. 
Note that this value may be the method detection limit or the 
instrument detection limit, depending on the method and the project 
requirements. This value is not adjusted for percent moisture. 

29 RL number  C N Reporting limit adjusted for preparation and dilution. Value is not 
adjusted for percent moisture. Equivalent to PQL. 
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EDD Specification Table 
Field 

Number 
Field 
Name 

Data 
Type 

Data 
Length 

Rqmt VVL Description and 
Comments 

30 LabQualifier text 6 R N Lab qualifier for the results, as reported on the hard copy. Use “=” as 
first (or only) qualifier value for detected results if there are no other 
qualifiers for the result. 

31 Surrogate text 1 R Y Is the chemical a surrogate?  Report “Y” for yes or “N” for no. 
32 Comments text 240 O N Comment field 
33 ParValUncert text 16 C N Radiological parameter value uncertainty. 
34 Recovery number  C N Percent recovery for MS, SD, LCS, LCSD, and surrogate compounds. 
35 LowerControlLimit number  C N Lower control limit value for spiked compounds, expressed in units 

of Percent. A value in this field is required if there is a value in the 
Recovery field (Field No. 34). 

36 UpperControlLimit number  C N Upper control limit value for spiked compounds, expressed in units 
of Percent. A value in this field is required if there is a value in the 
Recovery field (Field No. 34). 

37 Basis text 1 R Y Weight basis for soil (or solid) sample analysis.  Use “D” for dry-
weight basis, “W” for wet-weight basis, or “X” if not applicable. 

38 ConcQual text 1 R Y Concentration qualifier.  Use “=” for detects, “J” for estimated value 
(value between detection limit and reporting limit), “U” for 
undetected result, or “E” for exceeded result. 

39 MDLAdjusted number  C N Minimum detection limit adjusted for preparation, dilution and 
percent moisture. See the description of the MDL field (Field No. 28) 
for an explanation of the contents of this field. 

40 RLAdjusted number  C N Reporting limit adjusted for preparation, dilution and percent 
moisture. Equivalent to PQL 

41 SampleDescription text 20 C N Full sample identifier value as it appears on the COC. In some cases, 
this may be the name of the sampling location instead of the sample. 
Required for all samples that are either collected in the field and 
specified on the COC, or derived from samples that are collected in 
the field and specified on the COC. 
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EDD Specification Table 
Field 

Number 
Field 
Name 

Data 
Type 

Data 
Length 

Rqmt VVL Description and 
Comments 

42 LeachMethod text 20 R Y Analytical method used for leaching the sample.  This applies to 
TCLP, SPLP, or other leaching or pre-extraction leaching procedures. 
Use “NONE” if the sample was not leached. 

43 LeachDate date  C N Date that the leaching method was performed (start date for multi-
date leaching procedures). Value is required if the LeachMethod 
field value is other then “NONE”. Format: mm/dd/yyyy. 

44 LeachTime time  C N Time that the leaching procedure started. Value is required if the 
LeachMethod field value is other then “NONE”. 24-hour format: 
hh:mm. 

45 LeachLot text 10 C N Identifier of an autonomous group of environmental samples and 
associated QC samples leached at the same time.  Value is required 
if the LeachMethod field value is other then “NONE”.  If the sample 
was not leached, leave this field blank. 

46 AnalysisLot text 10 R N Identifier of an autonomous group of environmental samples and 
associated QC samples analyzed together. A value in this field is 
mandatory (i.e., it should not be blank). 

47 CalRefID text 10 C N Identifier of a group of environmental and QC samples linked by a 
common set of calibration records. All results with the same 
CalRefID value will have had the same initial calibration run. 

 

Each row is uniquely identified by the values in the following fields: 

• FieldID 
• LabSampleID 
• AnalysisMethod 
• ExtractionMethod 
• LeachMethod 
• ParamID 
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If an analytical sample must be diluted or reanalyzed and reported in addition to the original analytical sample, the diluted or 
reanalyzed sample should have a FieldID value that is different that that of the original sample. This can be accomplished through 
the addition of a suffix to the original FieldID that establishes a new and unique FieldID for the associated records. 

Example Valid Values 
The project data manager will provide the laboratory with a list of valid values that the laboratory will use in constructing the EDD.  
Listed below are some example valid values. 

Field Name Valid Value Meaning 

VersionCode 4.20AFCEE3 Format 4.20, AFCEE data values. LabQualifier field contains 
the laboratory qualifier values defined in the AFCEE QAPP, 
version 3.0. 

VersionCode 4.20EPACLP Format 4.20, EPA data values. LabQualifier field contains the 
standard EPA CLP lab qualifiers. 

QAQCType N Normal, environmental sample 

QAQCType LB Laboratory method blank 

QAQCType MS Laboratory matrix spike sample 

QAQCType SD Laboratory matrix spike duplicate 

QAQCType LR Laboratory replicate (dilution, re-analysis, duplicate) 

QAQCType BS Laboratory method blank spike 

QAQCType BD Laboratory method blank spike duplicate 

LRType DL First dilution sample 

LRType DL2 Second dilution sample 
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Field Name Valid Value Meaning 

LRType DL3 Third dilution sample 

LRType RE First re-analysis/re-extraction sample 

LRType RE2 Second re-analysis/re-extraction sample 

LRType RE3 Third re-analysis/re-extraction sample 

LRType D Inorganic duplicate sample 

LRType CF First confirmation analysis sample 

LRType CF2 Second confirmation analysis sample 

LRType CF3 Third confirmation analysis sample 

AnalysisMethod SW8260A Volatiles by method 8260A in EPA SW846. 

AnalysisMethod SW8270 Semivolatiles by method 8270 in EPA SW846. 

AnalysisMethod SW6010 ICP metals by method 6010 in EPA SW846. 

AnalysisMethod SW7060 GFAA Arsenic by method 7060 in EPA SW846. 

ExtractionMethod FLDFLT Field filtration for dissolved metals analysis 

ExtractionMethod C3050 CLP-modified SW3050 acid digestion for metals analysis in 
soil samples. 

ExtractionMethod SW1311 TCLP extraction 

ExtractionMethod DISWAT Distilled water extraction for analytes in soil samples. 

ExtractionMethod SW3510 Separatory funnel extraction 

ExtractionMethod SW3540 Soxhlet extraction 
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Field Name Valid Value Meaning 

ExtractionMethod TOTAL Digestion of unfiltered waters for total metals analysis 

ParamID ACE Acetone 

ParamID AS Arsenic 

ParamID BHCGAMMA gamma-BHC (Lindane) 

ParamID BZ Benzene 

ParamID CDS Carbon disulfide 

ParamID PB Lead 

ParamID PHENOL Phenol 

ParamID SE Selenium 

ParamID TCE Trichloroethene 
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CH2M HILL HEALTH AND SAFETY PLAN 

CH2M HILL Health and Safety Plan 
This Health and Safety Plan (HSP) will be kept onsite during investigation field activities 
and will be reviewed as necessary. It will be amended or revised as project activities or 
conditions change or when supplemental information becomes available. Note, this HSP 
covers field activities included in the Vapor Intrusion Assessment and the upcoming 
Remedial Investigation (RI). The current CH2M HILL Health, Safety, Environment, and 
Quality Policy, Experience Modification Rates (EMRs), and OSHA 300 forms for the past 3 
years are included in Attachment 1. The plan adopts, by reference, the Standards of Practice 
(SOPs) in the CH2M HILL Corporate Health and Safety Program, Program and Training Manual, 
as appropriate. In addition, it adopts procedures in the project Work Plan. The site safety 
and health officer (SSHO) is to be familiar with the contents of this plan. CH2M HILL’s 
personnel and subcontractors must sign Attachment 2.  

Project Information and Description 
PROJECT NO: 364298 

CLIENT:  U.S. Army Corps of Engineers (USACE)-Kansas City District 

PROJECT/SITE NAME: Saint Louis Ordnance Plant (SLOP) 

SITE ADDRESS: Saint Louis, MO 

CH2M HILL PROJECT MANAGER: Chris English 

CH2M HILL OFFICE: STL 

DATE HEALTH AND SAFETY PLAN PREPARED: October 3, 2007 

DATE OF SITE WORK: December 2007 to July 2008 

SITE ACCESS: Coordination via telephone with onsite property owner point of contact 
prior to access. The site is enclosed by a fence. Private property access agreements for access 
to offsite private residential properties. Access agreements will be obtained from the 
USACE. 

SITE SIZE: 14 acres 

SITE TOPOGRAPHY: Relatively flat on site. The topography drops to the east towards a 
residential area. 

PREVAILING WEATHER: Humid continental climate, extreme temperatures ranging from 
below freezing conditions in the winter and hot/humid summers.. 

SITE DESCRIPTION AND HISTORY: The former St. Louis Ordnance Plant operated from 
1941 to 1945 as a small arms ammunition production facility. The ordnance plant primarily 
produced 30 and 50-caliber ammunition. The plant was divided into two areas designated 
as Plant No. 1, which lies east of Goodfellow Avenue and Plant Area No. 2, which lies west 
of Goodfellow Avenue. The Hanley Area associated with this work plan consists of 
approximately 14 acres located at the northeastern end of the former Plant Area No. 2 at the 
intersection of Stratford Avenue and Goodfellow Boulevard. The processes at former Plant 

IV 
DRAFT FINAL MKE\070330007 



CH2M HILL HEALTH AND SAFETY PLAN 

Area No. 2 consisted of the blending of primary explosives, incendiary compounds and the 
tracer charging of 30 and 50-caliber projectiles as part of the assembly of the final product. 

A Phase I RI, concluded in February 2005, included the collection of surface and sub-surface 
soil samples and groundwater samples. The results confirmed localized metals 
contamination in the surface soil and volatile organic compounds (VOC) contamination in 
an onsite and up gradient well and in the vicinity of former Building 220, which is located 
adjacent to Stratford Avenue. 

The USACE, Kansas City District performed additional soil and groundwater sampling at 
the former Building 220 area and on public right-of-ways across Stratford Avenue in order 
to characterize the nature and extent of VOC contamination in groundwater. This 
supplemental Phase II RI field work included installation of groundwater monitoring wells 
and soil and groundwater sampling and analysis. The results of the Phase II efforts 
confirmed VOC contamination in soil and groundwater at the former Building 220 area 
above established cleanup levels. In addition, contaminated groundwater with VOC 
concentrations exceeding Federal Maximum Contaminant Levels (MCLs) was found to be 
moving off-site to the northeast. 

DESCRIPTION OF SPECIFIC TASKS TO BE PERFORMED: Direct push technology and 
hollow-stem auger and air rotary drilling, membrane interface probing (MIP)/cone 
penetrometer testing (CPT), hand augering, soil sampling, shallow and deep monitoring 
well installation and groundwater sampling, and soil gas sampling. The specific tasks listed 
above require activity hazard analysis (AHA) sheets, which are provided in Attachment 9.
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Site Map 

This page is reserved for a Site Map. 
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1. Tasks to be Performed Under This Plan 1 

1.1 2 
3 

18 
19 
20 
21 
22 
23 

2.1 24 

Description of Tasks 
(Reference Field Project Start-up Form) 

Refer to Section 3 of the project work plan for detailed task information. A health and safety 4 
risk analysis (Section 1.2) has been performed for each task and is incorporated in this plan 5 
through task-specific hazard controls and requirements for monitoring and protection. 6 
Tasks other than those listed below require an approved amendment or revision to this plan 7 
before tasks begin. Refer to Section 8.2 for procedures related to “clean” tasks that do not 8 
involve hazardous waste operations and emergency response (Hazwoper). 9 

1.1.1 Hazwoper-Regulated Tasks 10 

• Drilling (air rotary, hollow-
stem auger) 

• Direct push technology 
boring 

• Groundwater monitoring 
• Hand augering 

• Soil sampling 
• Soil gas sampling 
• Investigation-derived waste (drum) disposal 
• Observation of material loading for offsite disposal 

1.1.2 Non-Hazwoper-Regulated Tasks 11 

Under specific circumstances, the training and medical monitoring requirements of federal 12 
or state Hazwoper regulations are not applicable. It must be demonstrated that the tasks can 13 
be performed without the possibility of exposure in order to use non-Hazwoper-trained 14 
personnel. Prior approval from the health and safety manager (HSM) is required before 15 
these tasks are conducted on regulated hazardous waste sites. 16 

TASKS CONTROLS 
• Surveying 

• General Site Entry 

• Brief on hazards, limits of access, and 
emergency procedures 

2. Hazard Controls 17 

This section specifies safe work practices and control measures to reduce or eliminate 
potential hazards. These practices and controls are to be implemented by the party in 
control of the site or of the particular hazard. CH2M HILL employees and subcontractors 
must remain aware of the hazards affecting them regardless of who is responsible for 
controlling the hazards. CH2M HILL employees and subcontractors who do not understand 
these provisions should contact the site safety and health officer (SSHO) for clarification.  

Health and Safety Plans 
CH2M HILL requires HSPs for field projects. Subcontractors are required to submit detailed 25 
Activity Hazard Analyses (AHAs) for their activities as well. HSPs provide a risk analysis of 26 
each task and identifies the potential hazards and control measures (including personal 27 
protective equipment [PPE] and air monitoring requirements) for each task. 28 
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2.2 Task Hazard Analysis 
 (Refer to Section 2 for hazard controls) 

Potential Hazards 

Hand  
Augering 

Drilling, 
Direct Push 
Technology 
boring, and 

Well 
Installation 

Soil Gas  
Sampling 

Ground- 
water  

Sampling 

General  
Site Entry 
Surveying 

Disposal of 
Drums with 

Investigation-
Derived  
Waste 

Observation 
of Loading 
Material for 

Offsite 
Disposal 

Working in a high 
crime area 

X X X X X X X 

Flying debris/objects X X    X X 

Noise > 85dBA  X     X 

Electrical X X      

Suspended loads  X     X 

Buried utilities, drums, 
tanks 

X X X     

Slip, trip, fall X X X X X X X 

Back injury X X X X X X  

Visible lightning X X X X X X X 

Vehicle traffic       X 

Elevated work 
areas/falls 

      X 

Fires  X    X  

Entanglement  X X      

Drilling  X      

Heavy equipment  X  X   X 

Working near water        

Sampling of drums of 
investigation-derived 
waste 

 
    X X 

 1 

2 

3 
4 
5 
6 
7 
8 
9 

10 
11 

2.3 Activity Hazard Analyses 
AHAs are required by CH2M HILL for tasks unless the HSM specifically determines they 
are unnecessary. AHAs provide a step-by-step analysis of the activity being performed and 
identify the equipment and control measures necessary to conduct the work safely. AHAs 
must be reviewed by the work team immediately before conducting the work. The AHAs 
can be a source of information for the daily safety meeting. Contractors and subcontractors 
must develop AHAs for their site activities. These must be reviewed by the HSM prior to 
initiating site activities. Blank copies of AHA forms to be filled out by subcontractors prior 
to arriving onsite are provided in Attachment 6. Completed AHAs for activities that will be 
performed by CH2M HILL are provided in Attachment 9. 

2 
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2.3 1 

2 
3 
4 
5 
6 
7 
8 

2.4 9 

18 
19 
20 
21 
22 
23 
24 

2.5 30 

31 
32 
33 

2.6 34 

Safety Meetings 
CH2M HILL requires that the SSHO conduct daily safety meetings to discuss with the field 
team the tasks to be performed that day and the potential hazards and control measures. 
The safety meeting can be used to review the AHA with the team. As part of CH2M HILL’s 
Behavioral Based Loss Prevention System, a Pre-task Safety Plan must be developed each 
day before performing specific work tasks. Each member of the team performing the task 
must be included in the planning so all are aware of the task hazards and controls. 
Attachment 9 contains a copy of a Pre-task Safety Plan. 

Self-Assessments 
Attachment 7 contains Project Activity Self-Assessment Checklists. The checklists provide a 10 
method of verifying compliance with established safe work practices, regulations, and 11 
industry standards pertaining to hazardous activities. They can be used by CH2M HILL 12 
employees who may be exposed to a hazardous activity or by the SSHO when providing 13 
oversight of a subcontractor performing a hazardous activity. Self-assessments must be 14 
completed before subjecting CH2M HILL staff to hazardous operations. Self-assessment 15 
checklists should be completed daily for the first week or until such time that the contractor 16 
is exhibiting appropriate work methods, then weekly thereafter. 17 

If hazardous conditions exist or are apparent during the self-assessment, immediately notify 
the employees in the area and do not continue work in that area until the conditions are 
safe. If an imminent danger situation (immediately life threatening or would cause serious 
injury) exists, immediately stop work, when personnel in danger and notify the appropriate 
safety representative and the CH2M HILL SSHO. Non-compliance issues identified during 
the self-assessment shall be immediately rectified. If corrective action assistance is required, 
the HSM should be contacted for guidance.  

Site-specific requirements outlined in this HSP that are more stringent than those contained 25 
in the self-assessment checklists are to take precedence. The self–assessment checklists are 26 
based upon minimum regulatory compliance and some site-specific requirements may be 27 
more stringent. The self-assessment checklists, including documented corrective actions, 28 
shall be made part of the permanent project records and maintained by the SSHO. 29 

Site Compliance/Audits 
In order to ensure compliance with requirements contained in this HSP, audits will be 
conducted by a health and safety professional as follows: The project should be audited at 
least once during the duration of the field activities. 

Interventions 
CH2M HILL is required to intervene whenever observing someone exhibiting an unsafe 35 
behavior or working in unsafe conditions. When such a situation is observed, an 36 
intervention is performed by talking to the person about how the task could be done more 37 
safely. CH2M HILL will establish a safety and occupational health deficiency tracking 38 
system that lists and monitors the status of safety and health deficiencies in chronological 39 
order. The list will be maintained onsite, will be updated daily, and will provide the date 40 
the deficiency was identified, a description of the deficiency, the name of the person 41 
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responsible for correcting the deficiency, and the resolution date.  Additionally, each 1 
deficiency will be discussed with the entire field crew during the next day’s safety tailgate 2 
meeting. 3 

4 
5 
6 
7 
8 

9 

10 

11 

15 

17 

21 

26 

28 

31 

33 
34 
35 

As part of the Behavioral Based Loss Prevention System program in place at the site, Safe 
Work Observation forms must be completed on a weekly basis, at a minimum, by the SSHO 
or field team leader (FTL). Each completed form must be maintained with the HSP field 
documents, and then transferred to project files upon the completion of the field work. A 
copy of a Safe Work Observation form is included in Attachment 9.  

2.7 Project-Specific Hazards 
2.7.1 Vinyl Chloride 
• Vinyl chloride is considered a “confirmed human carcinogen.” 

• A short-term exposure limit of 15 minutes exists for this material. 12 

• Vinyl chloride has a mild, sweet, chloroform-like odor. 13 

• Respiratory protection and other exposure controls selection shall be based on the most 14 
recent exposure monitoring results obtained from the competent person. 

• Do not enter regulated work areas unless training, medical monitoring, and PPE 16 
requirements established by SSHO have been met. 

• Do not eat, drink, smoke, chew tobacco or gum, or apply cosmetics in regulated areas. 18 

2.7.2 Arsenic 19 

• Do not enter regulated work areas unless training, medical monitoring, and PPE 20 
requirements established by the competent person have been met.  

• Do not eat, drink, smoke, chew tobacco or gum, or apply cosmetics in regulated areas. 22 

• Avoid skin and eye contact with liquid and particulate arsenic or arsenic trichloride. 23 

• Arsenic is considered a “Confirmed Human Carcinogen.” 24 

• Arsenic particulates (inorganic metal dust) are odorless.  Vapor and gaseous odor varies 25 
depending upon specific organic arsenic compound.  

• Respiratory protection and other exposure controls selection shall be based on the most 27 
recent exposure monitoring results obtained from the competent person. 

2.7.3 Lead 29 

• Surfaces suspected of containing lead shall be treated as lead unless documentation or 30 
testing results indicate otherwise. 

• Regulated areas are those where airborne exposure to lead is above the PEL, without 32 
regard to the use of respirators. Personnel shall not enter regulated work areas unless 
training, medical monitoring, and PPE requirements established by the competent 
person have been met. 

4 
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• Personnel shall not eat, drink, smoke, chew tobacco or gum, or apply cosmetics in 1 
regulated areas. 2 

• Personnel shall not launder work clothes with ordinary clothes. 3 

• Respiratory protection and other exposure controls selection shall be based on the most 4 
relevant exposure monitoring results obtained from, or by the direction of, the lead 5 
competent person. 6 

• Work performed in lead contaminated soil shall progress in a sequence from less 7 
contaminated to more contaminated areas. 8 

• Water should be added to lead-contaminated soils prior to and during excavation, air 9 
rotary drilling, and other activities that create or have the potential to create airborne 
lead contaminated dust. For air rotary drilling operations, water can be added to the 
boring to reduce dust generation from the  cyclone. Depending upon soil type, watering 
of soil may be required several days prior to beginning ground intrusive activities. 

10 
11 
12 
13 

15 
16 
17 

18 

21 
22 

26 

31 

33 

• Personnel working in the vicinity of lead-contaminated soil shall wear disposable 14 
coveralls and exercise enhanced personal hygiene (for example, frequent hand washing 
prior to eating, drinking, and smoking; separation of work and street clothing and 
footwear). 

2.8 General Hazards 
2.8.1 General Practices and Housekeeping 19 

• Site is located in a high crime area, therefore work should be completed during daylight 20 
hours, be aware of your surroundings, do not work alone and be equipped with a cell 
phone to ensure communication with other field team members. 

• Maintain good housekeeping in project work areas.  23 

• Establish common paths of travel, and kept them free from accumulation of materials. 24 

• Keep access to aisles, exits, ladders, stairways, scaffolding, and emergency equipment 25 
free from obstructions. 

• Provide slip-resistant surfaces, ropes, or other devices to be used. 27 

• Specific areas should be designated for the proper storage of materials. 28 

• Tools, equipment, materials, and supplies shall be stored in an orderly manner. 29 

• As work progresses, store or remove scrap and unessential materials neatly from the 30 
work area.  

• Provide containers for collecting trash and other debris, and remove them at regular 32 
intervals. 

• Clean up spills quickly. Clean oil and grease from walking and working surfaces. 34 
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2.8.2 Hazard Communication 1 

The SSHO is to perform the following: 2 

• Complete an inventory of chemicals brought onsite by CH2M HILL using Attachment 4. 3 

• Confirm that an inventory of chemicals brought onsite by CH2M HILL subcontractors is 4 
available. 5 

• Request or confirm locations of material safety data sheets (MSDSs) from the client, 
contractors, and subcontractors for chemicals to which CH2M HILL employees might be 
exposed. 

6 
7 
8 

11 

13 

15 

17 

25 
26 

33 
34 
35 
36 
37 

• Obtain an MSDS for each hazardous chemical before or as it arrives onsite. 9 

• Label chemical containers with the identity of the chemical and with hazard warnings, 10 
and store properly. 

• Give employees required chemical-specific hazard communication (HAZCOM) training 12 
using Attachment 3. 

• Store materials properly, giving consideration to compatibility, quantity limits, 14 
secondary containment, fire prevention, and environmental conditions.  

2.8.3 Shipping and Transportation of Chemical Products 16 
(Reference CH2M HILL’s Procedures for Shipping and Transporting Dangerous Goods) 

Chemicals brought to the site might be defined as hazardous materials by the U.S. 18 
Department of Transportation. Staff who ship the materials or transport them by road must 19 
receive CH2M HILL training in shipping dangerous goods. Hazardous materials that are 20 
shipped (by Federal Express, for example) or transported by road must be properly 21 
identified, labeled, packed, and documented by trained staff. Contact the HSM or 22 
equipment coordinator for additional information. 23 

2.8.4 Lifting 24 

• Use proper lifting techniques when lifting objects.  
• Plan storage and staging to minimize lifting or carrying distances. 
• Split heavy loads into smaller loads. 27 
• Use mechanical lifting aids whenever possible. 28 
• Have someone assist with the lift, especially heavy or awkward loads. 29 
• Make sure the path of travel is clear prior to the lift.  30 

2.8.5 Fire Prevention 31 

• Provide fire extinguishers so that the travel distance from work areas to the nearest 32 
extinguisher is less than 100 feet. When 5 gallons or more of a flammable or combustible 
liquid are being used, an extinguisher must be within 50 feet. Extinguishers must: 
− be maintained in a fully charged and operable condition 
− be visually inspected each month 
− undergo a maintenance check each year 

• Keep the area in front of extinguishers clear. 38 
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• Post “Exit” signs over exiting doors and “Fire Extinguisher” signs over extinguisher 1 
locations. 2 

• Keep combustible materials stored outside at least 10 feet from buildings. 3 

• Keep solvent waste and oily rags in a fire-resistant, covered container until removed 4 
from the site. 5 

• Keep flammable/combustible liquids in approved containers, and store them in an 6 
approved storage cabinet. 7 

2.8.6 Electrical 8 

• Only qualified personnel are permitted to work on unprotected energized electrical 9 
systems. 10 

13 
14 

16 

18 

20 
21 
22 
23 

25 

27 

29 
30 
31 
32 

34 

• Only authorized personnel are permitted to enter high-voltage areas. 11 

• Do not work on electrical wiring and equipment unless qualified to do so. Electrical 12 
wiring and equipment must be considered energized until lockout/tagout procedures 
are implemented. 

• Inspect electrical equipment, power tools, and extension cords for damage before use. 15 
Do not use defective electrical equipment; instead, remove it from service. 

• Make sure that temporary wiring, including extension cords and electrical power tools 17 
have ground fault circuit interrupters installed. 

• Extension cords must be: 19 
− equipped with third-wire grounding  
− covered, elevated, or protected from damage when passing through work areas 
− protected from pinching if routed through doorways 
− not fastened with staples, hung from nails, or suspended with wire 

• Make sure that electrical power tools and equipment are effectively grounded or double-24 
insulated, UL approved. 

• Operate and maintain electric power tools and equipment according to manufacturers’ 26 
instructions. 

• Maintain safe clearance distances between overhead power lines and any electrical 28 
conducting material unless the power lines have been de-energized and grounded, or 
where insulating barriers have been installed to prevent physical contact. Maintain at 
least 10 feet from overhead power lines for voltages of 50 kV or less, and 10 feet plus 
½ inch for every 1 kV over 50 kV. 

• Do not suspend temporary lights by their electric cord unless they are designed for 33 
suspension. Protect lights from accidental contact or breakage.  

• Protect electrical equipment, tools, switches, and outlets from environmental elements. 35 
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2.8.7 Heat Stress 1 

• Drink 16 ounces of water before beginning work. Disposable cups and water maintained 2 
at 50°F to 60°F should be available. Under severe conditions, drink 1 to 2 cups every 20 3 
minutes, for a total of 1 to 2 gallons per day. Do not use alcohol in place of water or 4 
other nonalcoholic fluids. Decrease your intake of coffee and caffeinated soft drinks 5 
during working hours.  6 

• Acclimate yourself by slowly increasing workloads (e.g., do not begin with extremely 7 
demanding activities). 8 

• Use cooling devices, such as cooling vests, to aid natural body ventilation. These devices 9 
add weight, so their use should be balanced against efficiency. 10 

12 

14 

16 
17 

19 

22 
23 

• Use mobile showers or hose-down facilities to reduce body temperature and cool 11 
protective clothing. 

• Conduct field activities in the early morning or evening and rotate shifts of workers, if 13 
possible. 

• Avoid direct sun whenever possible, which can decrease physical efficiency and increase 15 
the probability of heat stress. Take regular breaks in a cool, shaded area. Use a wide-
brim hat or an umbrella when working under direct sun for extended periods.  

• Provide adequate shelter/shade to protect personnel against radiant heat (sun, flames, 18 
hot metal).  

• Maintain good hygiene standards by frequently changing clothing and showering.  20 

• Observe one another for signs of heat stress. Persons who experience signs of heat 21 
syncope, heat rash, or heat cramps should consult the SSHO/DSC to avoid progression 
of heat-related illness. 

Symptoms and Treatment of Heat Stress 

Heat Syncope Heat Rash Heat Cramps Heat Exhaustion Heat Stroke 

Signs and Symptoms 

Painful spasms 
in muscles used 
during work 
(arms, legs, or 
abdomen); onset 
during or after 
work hours. 

Profuse tiny raised 
red blister-like 
vesicles on affected 
areas, along with 
prickling sensations 
during heat 
exposure. 

Sluggishness or 
fainting while 
standing erect or 
immobile in heat. 

Fatigue, nausea, headache, 
giddiness; skin clammy and 
moist; complexion pale, 
muddy, or flushed; may faint 
on standing; rapid thready 
pulse and low blood 
pressure; oral temperature 
normal or low 

Red, hot, dry skin; 
dizziness; 
confusion; rapid 
breathing and pulse; 
high oral 
temperature. 

Treatment     

Remove to cooler 
area. Rest lying 
down. Increase fluid 
intake. Recovery 
usually is prompt 
and complete. 

Use mild drying 
lotions and 
powders, and keep 
skin clean for drying 
skin and preventing 
infection. 

Remove to 
cooler area. Rest 
lying down. 
Increase fluid 
intake. 

Remove to cooler area. Rest 
lying down, with head in low 
position. Administer fluids by 
mouth. Seek medical 
attention. 

Cool rapidly by 
soaking in cool–but 
not cold–water. Call 
ambulance, and get 
medical attention 
immediately! 

 24 
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1 

2 
3 
4 
5 
6 
7 
8 
9 

10 

11 

12 
13 

14 
15 

17 
18 
19 
20 

22 
23 
24 

26 

29 

Monitoring Heat Stress 

These procedures should be considered when the ambient air temperature exceeds 70oF, the 
relative humidity is high (>50 percent), or when workers exhibit symptoms of heat stress. 
The heart rate should be measured by the radial pulse for 30 seconds, as early as possible in 
the resting period. The heart rate at the beginning of the rest period should not exceed 100 
beats/minute, or 20 beats/minute above resting pulse. If the heart rate is higher, the next work 
period should be shortened by 33 percent, while the length of the rest period stays the same. If 
the pulse rate still exceeds 100 beats/minute at the beginning of the next rest period, the work 
cycle should be further shortened by 33 percent. The procedure is continued until the rate is 
maintained below 100 beats/minute, or 20 beats/minute above resting pulse. 

2.8.8 Cold Stress 
• Be aware of the symptoms of cold-related disorders, and wear proper, layered clothing 

for the anticipated fieldwork. Don appropriate rain gear in cool weather. 

• Consider monitoring the work conditions, and adjusting the work schedule using 
guidelines developed by the U.S. Army (wind-chill index) and the National Safety Council. 

• Wind-chill index is used to estimate the combined effect of wind and low air 16 
temperatures on exposed skin. The wind-chill index does not take into account the body 
part that is exposed, the level of activity, or the amount or type of clothing worn. For 
those reasons, it should only be used as a guideline to warn workers when they are in a 
situation that can cause cold-related illnesses.  

• Use National Safety Council Guidelines for work and warmup schedules along with the 21 
wind-chill index to estimate work and warmup schedules for fieldwork. The guidelines 
are not absolute. Monitored workers for symptoms of cold-related illnesses. If symptoms 
are not observed, the work duration can be increased. 

• Persons who experience initial signs of immersion foot, frostbite, or hypothermia should 25 
consult the SSHO to avoid progression of cold-related illness. 

• Observe one another for initial signs of cold-related disorders. 27 

• Obtain and review weather forecast. Be aware of predicted weather systems along with 28 
sudden drops in temperature, increase in winds, and precipitation. 

Symptoms and Treatment of Cold Stress 

  Signs and Symptoms Treatment 

Immersion (Trench) 
Foot 

Feet discolored and painful; infection 
and swelling present. 

Seek medical treatment immediately. 

Frostbite Blanched, white, waxy skin, but 
tissue resilient; tissue cold and pale. 

Remove victim to a warm place. Rewarm area quickly 
in warm—but not hot—water. Have victim drink warm 
fluids, but not coffee or alcohol. Do not break blisters. 
Elevate the injured area, and get medical attention. 

Hypothermia Shivering, apathy, sleepiness; rapid 
drop in body temperature; glassy 
stare; slow pulse; slow respiration. 

Remove victim to a warm place. Have victim drink 
warm fluids, but not coffee or alcohol. Get medical 
attention. 
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2.8.9 Compressed Gas Cylinders 1 

2 

3 

14 
15 

16 
17 

19 

21 

23 

29 

31 

33 
34 
35 

• Valve caps must be in place when cylinders are transported, moved, or stored. 

• Close cylinder valves when cylinders are not being used and when moved. 

• Secure cylinders in an upright position. 4 

• Shield cylinders from welding and cutting operations, and position them to avoid being 5 
struck or knocked over, contacting electrical circuits, or exposed to extreme heat sources. 6 

• Secure cylinders on a cradle, basket, or pallet when hoisting. They may not be hoisted by 7 
choker slings. 8 

2.8.10 Procedures for Locating Buried Utilities 9 
Local Utility Mark-Out Service 10 
Name: Missouri One Call System, Inc. 11 
Phone: 1-800-Dig-Rite 12 

• Where available, obtain utility diagrams for the facility. 13 

• Review locations of sanitary and storm sewers, electrical conduits, water supply lines, 
natural gas lines, and fuel tanks and lines. 

• Review proposed locations of intrusive work with facility personnel knowledgeable of 
locations of utilities. Check locations against information from utility mark-out service. 

• Where necessary (e.g., uncertainty about utility locations), excavate or drill the upper 18 
depth interval manually. 

• Monitor for signs of utilities during intrusive work (e.g., sudden change in advance of 20 
auger or split spoon). 

• When the client or other onsite party is responsible for determining the presence and 22 
locations of buried utilities, the SSHO should confirm that arrangement. 

2.8.11 Drilling  24 

• Only authorized personnel are permitted to operate drill rigs. 25 

• Stay clear of areas surrounding drill rigs during every startup. 26 

• Stay clear of the rotating augers and other rotating components of drill rigs. 27 

• Stay as clear as possible of hoisting operations. Loads shall not be hoisted overhead of 28 
personnel. 

• Do not wear loose-fitting clothing or other items such as rings or watches that could get 30 
caught in moving parts. Long hair should have it restrained. 

• If equipment becomes electrically energized, personnel shall be instructed not to touch 32 
any part of the equipment or attempt to touch any person who may be in contact with 
the electrical current. The utility company or appropriate party shall be contacted to 
have line de-energized prior to approaching the equipment. 

10 
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• Smoking around drilling operations is prohibited. 1 

• H&S Self-Assessment Checklist—Drilling (see Attachment 7) should be used to evaluate 2 
excavations prior to entry. 3 

2.9 Excavation 4 

10 

12 

14 

16 

17 

32 

• Do not enter the excavations unless completely necessary, and only after the competent 5 
person has completed the daily inspection and has authorized entry. 6 

• Follow excavation entry requirements established by the competent person. 7 

• Do not enter excavations where protective systems are damaged or unstable.  8 

• Do not enter excavations where objects or structures above the work location may 9 
become unstable and fall into the excavation. 

• Do not enter excavations with the potential for a hazardous atmosphere until the air has 11 
been tested and found to be at safe levels. 

• Do not enter excavations with accumulated water unless precautions have been taken to 13 
prevent excavation cave-in. 

• H&S Self-Assessment Checklist—Drilling (see Attachment 7) should be used to evaluate 15 
excavations prior to entry. 

2.10 Biological Hazards and Controls 
2.10.1 Snakes 18 

Snakes typically are found in underbrush and tall grassy areas. If you encounter a snake, 19 
stay calm and look around; there may be other snakes. Turn around and walk away on the 20 
same path you used to approach the area. If a person is bitten by a snake, wash and 21 
immobilize the injured area, keeping it lower than the heart if possible. Seek medical 22 
attention immediately. DO NOT apply ice, cut the wound, or apply a tourniquet. Try to 23 
identify the type of snake: note color, size, patterns, and markings. 24 

2.10.2 Poison Ivy and Poison Sumac 25 

Poison ivy, poison oak, and poison sumac typically are found in brush or wooded areas. 26 
They are more commonly found in moist areas or along the edges of wooded areas. Become 27 
familiar with the identity of these plants. Wear protective clothing that covers exposed skin 28 
and clothes. Avoid contact with plants and the outside of protective clothing. If skin 29 
contacts a plant, wash the area with soap and water immediately. If the reaction is severe or 30 
worsens, seek medical attention. 31 

2.10.3 Ticks 
Ticks typically occur in wooded areas, bushes, tall grass, and brush. Ticks are black, black 33 
and red, or brown and can be up to one-quarter inch in size. Wear tightly woven light-34 
colored clothing with long sleeves and pant legs tucked into boots. Spray only outside of 35 
clothing with permethrin or permanone and spray skin with only DEET. Check yourself 36 
frequently for ticks.  37 
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If bitten by a tick, grasp it at the point of attachment and remove it carefully. After removing 
the tick, wash your hands and disinfect and press the bite areas. Save the removed tick. 
Report the bite to human resources. Look for symptoms of Lyme disease or Rocky Mountain 
spotted fever. Lyme disease: a rash might appear that looks like a bull’s-eye with a small 
welt in the center. Rocky Mountain spotted fever: a rash of red spots under the skin 3 to 10 
days after the tick bite. In both cases, chills, fever, headache, fatigue, stiff neck, and bone 
pain may develop. If symptoms appear, seek medical attention. 

1 
2 
3 
4 
5 
6 
7 

9 
10 
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13 
14 

15 

20 

2.11 22 

2.10.4 Bees and Other Stinging Insects 8 

Bee and other stinging insects may be encountered almost anywhere and may present a 
serious hazard, particularly to people allergic to them. Watch for and avoid nests. Keep 
exposed skin to a minimum. Carry a kit if you have had allergic reactions in the past, and 
inform the SSHO or a buddy. If a stinger is present, remove it carefully with tweezers. Wash 
and disinfect the wound, cover it, and apply ice. Watch for allergic reaction. Seek medical 
attention if a reaction develops. 

2.10.5 Bloodborne Pathogens  
Exposure to bloodborne pathogens may occur when rendering first aid or CPR, or when 16 
coming into contact with landfill waste or waste streams containing potentially infectious 17 
material. Exposure controls and PPE are required. Hepatitis B vaccination must be offered 18 
before the person participates in a task where exposure is a possibility. 19 

2.10.6 Other Anticipated Biological Hazards 
Additional information on biological hazards can be found in Attachment 10.  21 

Contaminants of Concern 
TABLE 2-1 
Site Specific Contaminants of Concern 

Location and Maximum 
Concentrationa 

Exposure
Limitb Contaminant IDLHc 

Symptoms and Effects of 
Exposure 

PIPd 

(eV) 

Tetrachloroethylene 
(PCE) 

GW: 3000 micrograms per 
liter (µg/L)/ DP-122 

25 ppm 150 
ppm 

Ca 

Eye, skin, and respiratory 
irritation; nausea; flushed 
face and neck; vertigo; 
dizziness; sleepiness; skin 
redness; headache; liver 
damage 

9.32 

Trichloroethylene 
(TCE) 

GW:50 (µg/L)/ DP-122 50 ppm 1,000 

Ca 

Headache, vertigo, visual 
disturbance, eye and skin 
irritation, fatigue, giddiness, 
tremors, sleepiness, nausea, 
vomiting, dermatitis, cardiac 
arrhythmia, paresthesia, liver 
injury 

9.45 

cis-1,2-
Dichloroethene 
(cDCE) 

GW:45 µg/L / DP-111 
 

200 ppm NA  9.65 

12 
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TABLE 2-1 
Site Specific Contaminants of Concern 

1,2-Dichloroethane 
(Ethylene 
Dichloride) 

GW: 88 µg/L/ DP-122 10 ppm 50 
ppm 

Ca 

CNS depression, nausea, 
vomiting, dermatitis, eye 
irritation, liver, kidney, and 
CNS damage; corneal 
opacity 

11.05 

Vinyl Chloride (VC) GW:0.28J µg/L / DP-122 
 

1 ppm NL 

Ca 

Weakness, abdominal pain, 
gastrointestinal bleeding, 
enlarged liver, pallor or 
cyanosis of extremities 

9.99 

Arsenic GW: 47.8 µg/L/ MW-101 

SB: 13.27 milligrams per 
kilogram (mg/kg)/ SLOP-006 

0.01 
mg/m3 

5 

Ca 
Ulceration of nasal septum, 
respiratory irritation, 
dermatitis, gastrointestinal 
disturbances, peripheral 
neuropathy, 
hyperpigmentation 

NA 

Lead GW: 20.2 µg/L/ MW-106 

SB: 983.26 mg/kg/ SLOP-
SB-020 

0.05 
mg/m3 

100 Weakness lassitude, facial 
pallor, pal eye, weight loss, 
malnutrition, abdominal pain, 
constipation, anemia, 
gingival lead line, tremors, 
paralysis of wrist and ankles, 
encephalopathy, kidney 
disease, irritated eyes, 
hypertension 

NA 

a Specify sample-designation and media: SB (Soil Boring), A (Air), D (Drums), GW (Groundwater), L (Lagoon), TK 
(Tank), S (Surface Soil), SL (Sludge), SW (Surface Water). 
b Appropriate value of PEL, REL, or TLV listed. 
c IDLH = immediately dangerous to life and health (units are the same as specified “exposure limit” units for that 
contaminant); NL = no limit found in reference materials; Ca = potential occupational carcinogen. 
d PIP = photoionization potential; NA = Not applicable/available; UK = Unknown. 

 1 

2.12 2 Potential Routes of Exposure 
TABLE 2-2 
Potential Routes of Exposure 

Dermal Contact with contaminated media. This route of exposure is minimized through proper use of PPE, 
as specified in Section 4. 

Inhalation Vapors and contaminated particulates. This route of exposure is minimized through proper 
respiratory protection and monitoring, as specified in Sections 4 and 5, respectively. 

Other Inadvertent ingestion of contaminated media. This route should not pose a concern if good hygiene 
practices are followed (for example, if wash hands and face before drinking or smoking). 

3. Project Organization and Personnel 3 

3.1 4 

5 
6 

CH2M HILL Employee Medical Surveillance and Training  
The employees listed below are enrolled in CH2M HILL’s Comprehensive Health and 
Safety Program and meet state and federal hazardous waste operations requirements for 
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1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

40-hour initial training, 3-day on-the-job experience, and 8-hour annual refresher training. 
Employees designated “SSHO” have completed a 12-hour site safety coordinator course, 
and have documented requisite field experience. An SSHO with a level designation (D, C, B) 
equal to or greater than the level of protection being used must be present during tasks 
performed in exclusion or decontamination zones. Employees designated “FA-CPR” are 
currently certified by the American Red Cross, or equivalent, in first aid and CPR. At least 
two FA-CPR and First Aid trained employees must be present during tasks performed in 
exclusion or decontamination zones. The employees listed below are currently active in a 
medical surveillance program that meets state and federal regulatory requirements for 
hazardous waste operations. Certain tasks (e.g., confined-space entry) and contaminants 
(e.g., lead) may require additional training, medical monitoring, and PPE requirements 
established by the competent person have been met. 

Pregnant employees are to be informed of and are to follow procedures, including obtaining 13 
a physician’s statement of the employee’s ability to perform hazardous activities before 14 
being assigned fieldwork. 15 

Employee Name Office Responsibility SSHO / FA-CPR 

Dan Price STL Task Manager No/No 

Glynn Roberts STL Field Team Lead/SSHO Yes/Yes 

Wayne Conway STL Field Team Member Yes/Yes 

Bill Berlett CHI Health and Safety Manager No/No 

 16 

3.2 17 

18 

19 

22 

23 

24 
25 

27 

28 
29 

30 

31 
32 
33 

34 
35 

Field Team Chain of Command and Communication Procedures 
3.2.1 Client 
Contact Name: Josephine Newton-Lund, PMP 
Phone: 816-389-3912 20 
Facility Contact Name: George Pugh 21 
Phone: 314-382-9013 ext. 2373 

3.2.2 CH2M HILL 
Project Manager: Chris English 
Health and Safety Manager: Bill Berlett 
Field Team Leader: Glynn Roberts 26 
Site Safety and Health Officer: Glynn Roberts 

The SSHO is responsible for contacting the FTL and project manager. In general, the project 
manager will contact the client. The HSM should be contacted as appropriate. 

3.2.3 CH2M HILL Subcontractors 
Subcontractor: TBD 
Subcontractor Contact Name: TBD 
Telephone: TBD 

The subcontractors listed above are covered by this HSP and must be provided a copy of 
this plan. However, this plan does not address hazards associated with the tasks and 
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equipment in which the subcontractor has expertise (e.g., drilling, excavation work, 
electrical). Subcontractors are responsible for the health and safety procedures specific to 
their work and are required to submit those procedures to CH2M HILL for review before 
the start of field work. Subcontractors must comply with the established health and safety 
plans. The CH2M HILL SSHO should verify that subcontractor employee training, medical 
clearance, and fit test records are current and must monitor and enforce compliance with the 
established plans. CH2M HILL’s oversight does not relieve subcontractors of their 
responsibility for effective implementation and compliance with the established plans.  

CH2M HILL should continuously endeavor to observe subcontractors’ safety performance. 9 
That endeavor should be reasonable and include hazards or unsafe practices that are both 10 
readily observable and occur in common work areas. CH2M HILL is not responsible for 11 
exhaustive observation for hazards and unsafe practices. In addition to this level of 12 
observation, the SSHO is responsible for confirming CH2M HILL subcontractor 13 
performance against both the subcontractor’s safety plan and applicable self-assessment 14 
checklists. The SSHO will use the self-assessment checklists contained in Attachment 7 to 15 
review subcontractor performance. 16 

Health and safety related communications with CH2M HILL subcontractors should be 
conducted as follows: 

• Brief subcontractors on the provisions of this plan, and require them to sign the 
Employee Signoff Form included in Attachment 2. 

• Request subcontractors to brief the project team on the hazards and precautions related 
to their work. 

• When apparent non-compliance/unsafe conditions or practices are observed, notify the 
subcontractor safety representative and require corrective action. The subcontractor is 
responsible for determining and implementing necessary controls and corrective actions. 

• When repeat noncompliance/unsafe conditions are observed, notify the subcontractor 26 
safety representative and stop affected work until adequate corrective measures are 
implemented. 

• When an apparent imminent danger exists, immediately remove affected CH2M HILL 29 
employees and subcontractors, notify subcontractor safety representative, and stop 
affected work until adequate corrective measures are implemented. Notify the project 
manager and HSM as appropriate. 

• Document oral health and safety related communications in project field logbook, daily 33 
reports, or other records. 

3.2.4 Contractors 35 

Contractor: Conti Environment & Infrastructure, Inc.  36 
Contractor Contact Name: Luis Seijido 37 
Telephone:  978-318-9095 38 

This plan does not cover contractors that are contracted directly to the client or the owner. 39 
CH2M HILL is not responsible for the health and safety or means and methods of the 40 
contractor’s work, and we must never assume such responsibility through our actions (e.g., 41 
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advising on health and safety issues). In addition to this plan, CH2M HILL staff should 1 
review contractor safety plans to be apprised of appropriate precautions that apply to us. 2 
Except in unusual situations when conducted by the HSM, CH2M HILL must never 3 
comment on or approve contractor safety procedures. Self-assessment checklists contained 4 
in Attachment 7 are to be used by the SSHO to review the contractor’s performance only as 5 
it pertains to evaluating our exposure and safety. 6 

Health and safety–related communications with contractors should be conducted as follows: 7 

• Request the contractor to brief CH2M HILL employees and subcontractors on the 
precautions related to the contractor’s work. 

8 
9 

10 
11 
12 
13 
14 
15 

17 
18 
19 

21 
22 
23 
24 

26 

• When an apparent contractor non-compliance/unsafe condition or practice poses a risk 
to CH2M HILL employees or subcontractors: 
− Notify the contractor safety representative. 
− Request that the contractor determine and implement corrective actions. 
− If needed, stop affected CH2M HILL work until contractor corrects the condition or 

practice. Notify the client, project manager, and HSM as appropriate. 

• If apparent contractor noncompliance/unsafe conditions or practices are observed, 16 
inform the contractor safety representative. Our obligation is limited strictly to 
informing the contractor of our observation. The contractor is solely responsible for 
determining and implementing necessary controls and corrective actions. 

• If an apparent imminent danger is observed, immediately warn the contractor 20 
employees in danger and notify the contractor safety representative. Our obligation is 
limited strictly to immediately warning the affected individuals and informing the 
contractor of our observation. The contractor is solely responsible for determining and 
implementing necessary controls and corrective actions. 

• Document oral health and safety-related communications in project field logbook, daily 25 
reports, or other records. 

4. Personal Protective Equipment 27 

Personal Protective Equipment Specificationsa 
Task Level Body Head Respiratorb 

General site entry 
Surveying 
Observation of 
material loading for 
offsite disposal 
Oversight of 
remediation and 
construction 

D Work clothes; steel-toe, leather work 
boots; work glove. 

Hardhat c 
Safety glasses 
Ear protection d 

None required. 

16 
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Personal Protective Equipment Specificationsa 
Task Level Head Respiratorb Body 

Groundwater sampling 
Surface soil sampling 
Hand augering 
Excavation 

D Work clothes or cotton coveralls.  
Boots: Steel-toe, chemical-resistant 
boots OR steel-toe, leather work boots 
with outer rubber boot covers when 
handling or exposed to potentially 
contaminated materials 
Gloves: Inner surgical-style nitrile & 
outer chemical-resistant nitrile gloves. 

Hardhat c 
Safety glasses 
Ear protection d 

None required. 

Groundwater sampling 
Direct Push 
Technology Soil boring  
Investigation-derived 
waste (drum) sampling 
and disposal 

D Boots: Steel-toe, chemical-resistant 
boots OR steel-toe, leather work boots 
with outer rubber boot covers 
Gloves: Inner surgical-style nitrile & 
outer chemical-resistant nitrile gloves. 
 

Hardhat c 
Splash shield c 
Safety glasses 
Ear protection d 

None required. 

Tasks requiring 
upgrade 
Not anticipated – 
contact HSM for 
approval 

C Coveralls: Polycoated Tyvek 
Boots: Steel-toe, chemical-resistant 
boots OR steel-toe, leather work boots 
with outer rubber boot covers 
Gloves: Inner surgical-style nitrile & 
outer chemical-resistant nitrile gloves. 

Hardhatc 
Splash shieldc 
Ear protectiond 

Spectacle 
inserts 

APR, full face, 
MSA Ultratwin or 
equivalent; with 
GME-H 

cartridges or 
equivalente. 

Tasks requiring 
upgrade 
Not anticipated – 
contact HSM for 
approval 

B Coveralls: Polycoated Tyvek 
Boots: Steel-toe, chemical-resistant 
boots OR steel-toe, leather work boots 
with outer rubber boot covers 
Gloves: Inner surgical-style nitrile and 
outer chemical-resistant nitrile gloves. 

Hardhatc 
Splash shieldc 
Ear protectiond 

Spectacle 
inserts 

Positive-pressure 
demand self-
contained 
breathing 
apparatus 
(SCBA); MSA 
Ultralite, or 
equivalent. 

Reasons for Upgrading or Downgrading Level of Protection 

Upgradef  Downgrade 

Tyvek and boot coverings would be additional PPE for 
surface water and groundwater sampling if air monitoring in 
the field indicates an additional level of protection is required 
or if splashing/falling of contaminated materials cannot be 
controlled or effectively handled without risk of contacting 
unprotective clothing/boots. Hand protection is required at all 
times. 

 

a Modifications are as indicated. CH2M HILL will provide PPE only to CH2M HILL employees. 
b No facial hair that would interfere with respirator fit is permitted. 
c Hardhat and splash-shield areas are to be determined by the SSHO. 
d Ear protection should be worn when conversations cannot be held at distances of 3 feet or less without shouting. 
e Cartridge change-out schedule is at least every 8 hours (or one work day), except if relative humidity is > 85%, or if 
organic vapor measurements are > midpoint of Level C range (refer to Section 5)—then at least every 4 hours. If 
encountered conditions are different than those anticipated in this HSP, contact the HSM. 
f Performing a task that requires an upgrade to a higher level of protection (e.g., Level D to Level C) is permitted only 
when the PPE requirements have been approved by the HSM, and an SSHO qualified at that level is present. 

5. Air Monitoring/Sampling  1 

5.1 2 Air Monitoring Specifications 
Instrument Tasks Action Levelsa  Frequency b Calibration 

PID: OVM with 
10.6eV lamp or 

For tasks 
listed in 

0 - 1 ppm 
 

Level D 
 

Initially and 
periodically 

Daily 
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equivalent Section 
1.1.1   

1 - 10 ppm 
 
 
 
 
10-20 ppm 
 
  

Level D  if VC test < 
0.5 ppm; if VC test > 
0.5 ppm stop work, 
contact HSM. 
 
Level C if VC test < 0.5 
ppm; if VC test > 
0.5ppm stop work, 
contact HSM. 
 

during task 

Colormetric Tube: 
Dräger vinyl chloride 
specific (0.5 to 30 
ppm range) with pre-
tube, or equivalent 

 <0.5 ppm 
>0.5 ppm 

Level D 
Stop work and contact 
HSM 

Initially and 
periodically 
when 
PID/FID 
>1 ppm 

 

Noise-Level 
Monitor c: 

For tasks 
listed in 
Section 
1.1.1 

<85 dB(A) 
85–120 dB(A) 
 
120 dB(A) 

No action required 
Hearing protection 
required 
Stop; re-evaluate 

Initially and 
periodically 
during task 

Daily 

Dust For tasks 
in 
Section 
1.1.1 

Visual Implement dust suppression for visual dust control. Stop 
work, contact HSM if suppression controls ineffective. 

a Action levels apply to sustained breathing-zone measurements above background. 
b The exact frequency of monitoring depends on field conditions and is to be determined by the SSC; generally, 
every 5 to 15 minutes if acceptable; more frequently may be appropriate. Monitoring results should be recorded. 
Documentation should include instrument and calibration information, time, measurement results, personnel 
monitored, and place/location where measurement is taken (e.g., “Breathing Zone/MW-3,” “at surface/SB-2,” etc.). 
c Noise monitoring and audiometric testing may be required. If noise levels are elevated such that having to raise 
your voice for a conversation with someone less than 3 feet then hearing protection is required. 

5.2 1 
2 

Calibration Specifications 
 (Refer to the respective manufacturer’s instructions for proper instrument-maintenance procedures) 

Instrument Gas Span Reading Method 

PID: OVM, 10.6 or 11.7 eV bulb 100 ppm 
isobutylene 

RF = 1.0 100 ppm 1.5 lpm reg T-tubing 

PID: MiniRAE, 10.6 eV bulb 100 ppm 
isobutylene 

CF = 100 100 ppm 1.5 lpm reg T-tubing 

PID: TVA 1000 100 ppm 
isobutylene 

CF = 1.0 100 ppm 1.5 lpm reg T-tubing 

FID: OVA 100 ppm 
methane 

3.0 + 1.5 100 ppm 1.5 lpm reg 
T-tubing 

FID: TVA 1000 100 ppm 
methane 

NA 100 ppm 2.5 lpm reg 
T-tubing 

 3 

5.3 4 

5 
6 
7 
8 
9 

Air Sampling 
Sampling, in addition to real-time monitoring, may be required by other Occupational 
Safety and Health Administration (OSHA) regulations where there may be exposure to 
certain contaminants. Air sampling typically is required when site contaminants include 
lead, cadmium, arsenic, asbestos, and certain volatile organic compounds. Contact the HSM 
immediately if these contaminants are encountered. 

18 
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5.3.1 Personnel and Areas 1 

4 

6 

7 
8 
9 

6.1 10 

Results must be sent immediately to the HSM. Regulations may require reporting to 2 
monitored personnel. Report results to: 3 

HSM: Steve Beck 
Other: Chris English 5 

6. Decontamination  
The SSHO must establish and monitor decontamination procedures and their effectiveness. 
Decontamination procedures found to be ineffective will be modified by the SSHO. The SSHO 
must ensure that procedures are established for disposing of materials generated on the site. 

Decontamination Specifications 
The SSHO must include appropriate decontamination procedures depending upon site 11 
conditions. Procedures may include those listed below. 12 

Personnel Sample Equipment Heavy Equipment 

Boot wash/rinse 
Glove wash/rinse 
Outer-glove removal 
Body-suit removal 
Inner-glove removal 
Respirator removal 
Hand wash/rinse 
Face wash/rinse 
Shower ASAP 
Dispose of PPE in municipal trash, or contain for 
disposal 
Dispose of personnel rinse water to facility or 
sanitary sewer, or contain for offsite disposal 

Wash/rinse equipment 
Solvent-rinse equipment 
Contain solvent waste for 
offsite disposal 

Power wash 
Steam clean 
Dispose of equipment rinse 
water to facility or sanitary 
sewer, or contain for offsite 
disposal 

 13 

6.2 14 

15 
16 
17 
18 
19 

20 

22 
23 

Diagram of Personnel-Decontamination Line 
Eating, drinking, and smoking are not permitted in contaminated areas or in exclusion or 
decontamination zones. The SSHO should establish areas for eating, drinking, and smoking. 
Contact lenses are not permitted in exclusion or decontamination zones. Figure 6-1 
illustrates a conceptual establishment of work zones, including the decontamination line. 
Work zones are to be modified by the SSHO to accommodate task-specific requirements. 

7. Spill-Containment Procedures 
Onsite personnel shall be trained to follow the procedures described in this section. 21 

• Equipment—Obtain client prior approval for use of client-owned spill containment 
equipment. If client equipment is not available, the table below provides typical spill 

MKE\070330007 
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1 
2 

4 
5 
6 

10 
11 

13 

equipment that shall be available in the project’s support zone. Consult the regional 
environmental coordinator and MSDS for more information. 

• Minimum Spill Kit Equipment List 3 
− Neutralizers (for chemical spills) 

• Sodium Carbonate (acid spills) 
• Citric Acid (base spills) 

− Absorbent socks and pads 7 
− Safety goggles 8 
− Protective gloves 9 
− Tyvek suit 
− Waste containers and labels 

 12 
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Notes: 
1. This figure can be used as a guide to establish a decontamination line 
when used PPE will either be disposed of or re-used, and can be applied 
to any level of protection. 
2. The stations illustrated below may be removed when not applicable 
(e.g., no respirator station if not wearing Level C). 
3. The SSHO may modify the decontamination sequence based on site-
specific conditions.  

MKE\070330007 21 

Exclusion 
Zone 

Boundary 

Wind 
Direction 

  
Equipment drop 

onto clean 
surface 

PPE to  be re-used

•  PPE to  be disposed

Dispose of PPE as 
specified in Section 

6.1 of the HSP 

Change out respirator 
cartridges or air tank. If 
removed, replace outer 

boots and gloves. 

Dispose of PPE as 
specified in Section 

6.1 of the HSP 

  
Remove outer 

gloves and boots or 
boot covers 

Remove coveralls 
(e.g., Tyvek®) 

and inner gloves 

 If worn , remove APR or 
SCBA. Dispose of 

cartridges and Decon 
respirator as specified in 
Section 61 Of the HSP

Wash face and 
hands. Shower 

as soon as 
possible. 

Outer glove, boot 
and coverall 

(e.g., Tyvek®) 
wash

Outer glove, boot 
and coverall 

rinse 

Remove outer boots, 
gloves, and coveralls 

Remove inner 
gloves and 
coveralls 

Return to 
exclusion zone 

  
 Figure 6-1 
 Personnel Decontamination Line 
 CH2M HILL Heath and Safety Plan 

 
 

Sample 
preparation 

 

Support zone 

Sample 
decontamination 

and packing 
Sample   Table 
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• Emergency Spill Event—The release of an unknown hazardous material is considered 
an emergency spill event, for which the following procedures should be implemented: 

1 
2 

3 
4 

6 

10 
11 
12 
13 

15 
16 
17 
18 
19 

21 
22 
23 

24 

25 

26 

27 

28 

30 

32 

34 
35 

37 

1. Evacuate the area and go upwind. 
2. Warn others and direct them upwind. 
3. Immediately contact the onsite safety coordinator, who will contact the HSM for 5 

direction. 

• Non-emergency Spill Event—A non-emergency spill event includes incidental releases that 7 
do not pose a significant safety or health hazard where chemical hazards are known and 8 
CH2M HILL personnel can safely implement the following procedures as a first responder: 9 

1. Stop the source of the spill. 
2. Contain the spill material. If there is a chance the spill will reach nearby drains or 

waterways, block them to keep the spill away. 
3. Contact the SSHO. 

• Cleanup—Clean up the spilled material wearing the proper PPE identified in the HSP 14 
equipment table if the spilled material is less than 5 gallons and hazards are known. Spills 
larger than 5 gallons must be cleaned up by a qualified subcontractor since 
CH2M HILL personnel are not trained to implement OSHA spill response requirements. 
Dispose of spill debris according to the Waste Management Plan or as directed by the 
SSHO. 

• Notification and Reporting—All spills are considered an “incident” and shall be 20 
reported internally. Since many spills may require agency reporting within 24 hours, it is 
very important that internal notification occur immediately. The following summarizes 
required actions: 

1. Notify the SSHO immediately.  

2. SSHO notifies the HSM. 

3. HSM notifies the Project Manager, who notifies the client. 

4. HSM notifies the Legal Department of a serious incident. 

5. HSM, ECC, and client shall determine if the incident is reportable to an agency. 

8. Site-Control Plan 29 

8.1 Site-Control Procedures 
• The SSHO is to conduct a site safety briefing (see below) before starting field activities or 31 

as tasks and site conditions change. 

• Topics for briefing onsite safety include general discussion of HSP, site-specific hazards, 33 
locations of work zones, PPE requirements, equipment, special procedures, and 
emergencies. 

• The SSHO records attendance at safety briefings in a logbook and documents the topics 36 
discussed. 

• Post the OSHA job-site poster in a central and conspicuous location, 38 
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• Establish support, decontamination, and exclusion zones. Delineate with flags or cones 1 
as appropriate. Support zone should be upwind of the site. Use access control at entry 2 
and exit from each work zone. 3 

• Establish onsite communication consisting of the following: 4 
− Line-of-sight and hand signals 5 
− Air horn 6 
− Two-way radio or cellular telephone if available 7 

• Establish offsite communication. 8 

• Establish and maintain the “buddy system.” 9 

• Initial air monitoring is conducted by the SSHO in appropriate level of protection. 10 

• The SSHO is to conduct periodic inspections of work practices to determine the 11 
effectiveness of this plan. Refer to Sections 2 and 3. Deficiencies are to be noted, reported 
to the HSM, and corrected. 

12 
13 

15 
16 
17 

18 

26 
27 
28 
29 
30 

32 
33 
34 
35 

37 
38 

• All site visitors must sign in with the SSHO and go through a site orientation briefing. 14 
Site visitors will not be allowed into the Exclusion Zone unless proof of HAZWOPER 
training can be demonstrated. Site visitors shall be given appropriate personal 
protection equipment by the SSHO as necessary. 

8.2 Hazwoper Compliance Plan 
Certain parts of the site work are covered by state or federal Hazwoper standards and 19 
therefore require training and medical monitoring. Anticipated Hazwoper tasks 20 
(Section 1.1.1) might occur consecutively or concurrently with respect to non-Hazwoper 21 
tasks. This section outlines procedures to be followed when approved activities specified in 22 
Section 1.1.2 do not require 24- or 40-hour training. Non–Hazwoper trained personnel also 23 
must be trained in accordance with other state and federal OSHA requirements. 24 

• In many cases, air sampling, in addition to real-time monitoring, must confirm that there is 25 
no exposure to gases or vapors before non-Hazwoper-trained personnel are allowed on 
the site, or while non-Hazwoper-trained staff are working in proximity to Hazwoper 
activities. Other data (e.g., soil) also must document that there is no potential for exposure. 
The HSM must approve the interpretation of these data. Refer to subsections 2.5 and 5.3 
for contaminant data and air sampling requirements, respectively. 

• When non–Hazwoper trained personnel are at risk of exposure, the SSHO must post the 31 
extent of the exclusion zone and inform non–Hazwoper trained personnel of the: 
− nature of the existing contamination and its locations 
− limitations of their access 
− emergency action plan for the site 

• Periodic air monitoring with direct-reading instruments conducted during regulated 36 
tasks also should be used to ensure that non-Hazwoper-trained personnel (e.g., in an 
adjacent area) are not exposed to airborne contaminants. 
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• When exposure is possible, non-Hazwoper-trained personnel must be removed from the 1 
site until it can be demonstrated that there is no longer a potential for exposure to health 2 
and safety hazards. 3 

• Once a treatment system begins to pump and treat contaminated media, the site is, for 4 
the purposes of applying the Hazwoper standard, considered a treatment, storage, and 5 
disposal facility, and only Hazwoper-trained personnel (minimum of 24 hour of 6 
training) will be permitted to enter the site. Non–Hazwoper trained personnel must not 7 
enter the treatment, storage, and disposal area of the site. 8 

9. Emergency Response Plan  9 

9.1 Pre-emergency Planning 10 

16 

17 
18 

20 

22 

24 

26 

28 

31 

33 

36 

The SSHO performs the applicable pre-emergency planning tasks before starting field 11 
activities and coordinates emergency response with CH2M HILL onsite parties, the facility, 12 
and local emergency-service providers as appropriate. 13 

• Review the facility emergency and contingency plans where applicable. 14 

• Determine what onsite communication equipment is available (e.g., two-way radio, air 15 
horn). 

• Determine what offsite communication equipment is needed (e.g., nearest telephone, 
cell phone). 

• Confirm and post emergency telephone numbers, evacuation routes, assembly areas, 19 
and route to hospital; communicate the information to onsite personnel. 

• Post “Exit” signs above exit doors of field trailers, and post “Fire Extinguisher” signs 21 
above locations of extinguishers. Keep areas near exits and extinguishers clear. 

• Review changed site conditions, onsite operations, and personnel availability in relation 23 
to emergency response procedures. 

• Where appropriate and acceptable to the client, inform emergency room and ambulance 25 
and emergency response teams of anticipated types of site emergencies. 

• Designate one vehicle as the emergency vehicle. Place hospital directions and map 27 
inside. Keep keys in ignition during field activities. 

• Inventory and check site emergency equipment, supplies, and potable water. 29 

• Communicate emergency procedures for personnel injury, exposures, fires, explosions, 30 
and releases. 

• Rehearse the emergency response plan before site activities begin, including driving the 32 
route to the hospital. 

• Brief new workers on the emergency response plan. 34 

• The SSHO will evaluate emergency response actions and initiate appropriate follow-up 35 
actions. 
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9.2 Emergency Equipment and Supplies 1 

The SSHO should mark the locations of emergency equipment on the site map and post it. 2 

Emergency Equipment and Supplies Location 

20 lb (or two 10-lb) fire extinguisher (A, B, and C classes) Support zone/heavy equipment 
First aid kit Support zone/field vehicle 
Eye wash Support and decon zone/field vehicle 
Potable water Support and decon zone/field vehicle 
Bloodborne-pathogen kit Support zone/field vehicle 

 3 

9.3 4 

5 

6 

8 

12 

18 

20 

21 

25 

28 
29 
30 

Incident Response 
In fires, explosions, or chemical releases, the following actions are to be taken: 

• Shut down CH2M HILL operations and evacuate the immediate work area. 
• Notify appropriate response personnel. 7 
• Account for personnel at the designated assembly areas. 
• Assess the need for site evacuation, and evacuate the site as warranted. 9 

Instead of implementing a work-area evacuation, note that small fires or spills posing 10 
minimal safety or health hazards may be controlled. 11 

9.4 Emergency Medical Treatment 
The procedures listed below may also be applied to non-emergency incidents. Injuries and 13 
illnesses (including overexposure to contaminants) must be reported to Human Resources. 14 
If there is doubt about whether medical treatment is necessary, or if the injured person is 15 
reluctant to accept medical treatment, contact the CH2M HILL medical consultant. During 16 
non-emergencies, follow these procedures as appropriate. 17 

• Notify appropriate emergency response authorities listed in Attachment 5. 

• The SSHO will assume charge during a medical emergency until the ambulance arrives 19 
or until the injured person is admitted to the emergency room. 

• Prevent further injury. 

• Initiate first aid and CPR where feasible. 22 

• Get medical attention immediately. 23 

• Perform decontamination where feasible. However, lifesaving and first aid or medical 24 
treatment take priority. 

• Make certain that the injured person is accompanied to the emergency room. 26 

• When contacting the medical consultant, state that the situation is a CH2M HILL matter, 27 
and give your name and telephone number, the name of the injured person, the extent of 
the injury or exposure, and the name and location of the medical facility where the 
injured person was taken. 
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9.5 Evacuation 1 

11 

12 

• Evacuation routes and assembly areas (and alternative routes and assembly areas) are 2 
specified on the site map. 3 

• The SSHO will designate evacuation routes and assembly areas before work begins. 4 

• Personnel will assemble at the assembly areas upon hearing emergency signal for evacuation. 5 

• The SSHO and a buddy will remain on the site after the site has been evacuated (if safe) 6 
to assist local responders and advise them of the nature and location of the incident. 7 

• The SSHO will account for personnel in the onsite assembly area. 8 

• A designated person will account for personnel at alternate assembly areas. 9 

• The SSHO will write up the incident as soon as possible after it occurs and submit a 10 
report to the Corporate Director of Health and Safety. 

9.6 Evacuation Signals 
Signal Meaning 

Grasping throat with hand Emergency—help me. 
Thumbs up OK; understood. 
Grasping buddy’s wrist Leave area now. 
Continuous sounding of horn Emergency; leave site now. 

 13 

9.7 14 

15 
16 

Incident Notification and Reporting 
• If a CH2M HILL employee is injured immediately notify their group leader. 
• Call the CH2M HILL Occupational Health Nurse: 1-800-756-1130 
• In case of emergency call 911. 17 

• Report any injury to the Government Designated Authority (GDA) within 24 hours. 18 

If the incident is serious and the HSM cannot be reached, immediately call the 24-hour 19 
CH2M HILL emergency beeper number (720-286-4911). 20 

Incident communications regarding serious incidents (regardless of the party involved) 21 
shall be considered sensitive in nature and must be controlled in a confidential manner. 22 
Internal communications regarding a serious incident may be conducted with affected 23 
project, regional, and Business Group staff but must be kept to a minimum. Communication 24 
should be oral whenever possible. If e-mail communications are necessary they shall be sent 25 
as confidential emails. A legal representative shall direct internal and external 26 
communications, including internal incident reporting, agency reporting, client notification, 27 
and incident investigations.  28 

The PM shall ensure that the CH2M HILL Incident Report Form (IRF) is completed within 29 
24 hours of any incident. CH2M HILL’s requirements can be met by entering an electronic 30 
IRF directly into the IRF database. The electronic IRF is found on the CH2M HILL HSE web 31 
page under Tools and Forms>Electronic Tools and Forms. If unable to submit an IRF 32 
electronically, the SSHO shall complete the hardcopy IRF provided in Attachment 9 and fax 33 
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the IRF to the human resources representative (for CH2M HILL employee injuries) or the 1 
HSM (for other incidents) for database entry An IRF for a serious incident shall not be 2 
initiated until directed by a representative of the LID. 3 

4 
5 
6 
7 

8 
9 

10 

11 
12 
13 

14 
15 

17 
18 

25 

30 
31 
32 
33 
34 
35 

When additional or updated information becomes available that was not included in the 
original IRF the SSHO shall forward such information to the human resources 
representative (for CH2M HILL employee injuries) or the HSM (for other incidents) so that 
the IRF may be updated. Updates to IRF reports should also be sent to HSM. 

CH2M HILL staff shall comply with applicable statutory incident reporting requirements 
such as those required by Federal agencies (EPA, OSHA, etc.) and local authorities (police). 

10. Behavioral Based Loss Prevention 
A Behavior-Based Loss Prevention System (BBLPS) has been implemented on this project. 
BBLPS is a system to prevent or reduce losses using behavior-based tools and proven 
management techniques to focus on behaviors or acts that could lead to losses.  

The four basic loss prevention tools that will be used to implement the BBLPS on this project 
include: 

• Activity Hazard Analysis (AHA) 16 
• Pre-Task Safety Plans (PTSP) 
• Safe Work Observations (SWO) 
• Loss and Near Loss Investigations (NLI)  19 

The Field Team Leader (FTL) is responsible for implementing the BBLPS on the project site. 20 
The Field Team Leader delegates authority to the Site Safety Coordinator (SSC) for the 21 
implementation of the BBLPS on the project site, but the FTL remains accountable for its 22 
implementation. The SSC shall only oversee the subcontractor’s implementation of their 23 
AHAs and PTSPs processes on the project. 24 

10.1 Activity Hazard Analysis 
An AHA defines the activity being performed, the hazards posed, and control measures 26 
required to perform the work safely. Workers are briefed on the AHA before doing the work 27 
and their input is solicited before, during and after the performance of work to further 28 
identify the hazards posed and control measures required. 29 

AHAs will be prepared before beginning each project activity posing health and safety 
hazards to project personnel using the AHA form provided in Attachment 9. The AHA shall 
identify the work tasks required to perform each activity, along with potential H&S hazards 
and recommended control measures for each work task. In addition, a listing of the 
equipment to be used to perform the activity, inspection requirements and training 
requirements for the safe operation of the equipment listed must be identified. 

An AHA shall be prepared for field activities performed by CH2M HILL and subcontractors 36 
during the course of the project and should be reviewed and accepted by the Health and 37 
Safety Manager. The Project-Specific, General and Biological Hazards (the Hazard Analysis 38 
Table) should be used as a basis for preparing these AHAs.  39 
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CH2M HILL subcontractors will be required to provide AHAs specific to their scope of 
work on the project for acceptance by the Site Safety Coordinator (SSC). Each subcontractor 
shall submit AHAs for their field activities, as defined in their work plan/scope of work, 
along with their project-specific HASP. Additions or changes in CH2M HILL or 
subcontractor field activities, equipment, tools or material to perform work or 
additional/different hazard encountered that require additional/different hazard control 
measures requires either a new AHA to be prepared or an existing AHA to be revised.  

1 
2 
3 
4 
5 
6 
7 

10.2 8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

10.3 21 

10.4 32 

35 

37 

Pre-Task Safety Plans  
Daily safety meetings are held with project personnel in attendance to review the hazards 
posed and required health and safety procedures/AHAs that apply for each day’s project 
activities. The PTSPs serve the same purpose as these general assembly safety meetings, but 
the PTSPs are held between the crew supervisor and their work crews to focus on those 
hazards posed to individual work crews. At the start of each day’s activities, the crew 
supervisor completes the PTSP, provided in Attachment 9, with input from the work crew, 
during their daily safety meeting. The day’s tasks, personnel, tools and equipment that will 
be used to perform these tasks are listed, along with the hazards posed and required health 
and safety procedures, as identified in the AHA. The use of PTSPs better promotes worker 
participation in the hazard recognition and control process, while reinforcing the task-
specific hazard and required health and safety procedures with the crew each day. The use 
of PTSPs is a common safety practice in the construction industry.  

Safe Work Observations  
Safe work loss prevention observations (SWOs) shall be conducted by Site 22 
Superintendent/SSC for specific work tasks or operations comparing the actual work 23 
process against established safe work procedures identified in the project-specific health 24 
and safety plan and AHAs. SWOs are a tool to be used by supervisors to provide positive 25 
reinforcement for work practices performed correctly, while also identifying and 26 
eliminating deviations from safe work procedures that could result in a loss. Site 27 
Superintendent/SSC shall perform at least one SWO each week for tasks/operations 28 
addressed in the project-specific HASP or AHA. The Site Superintendent/SSC shall 29 
complete the SWO form in Attachment 9 for the task/operation being observed, following 30 
the process below. 31 

Loss/Near-Loss Investigations 
Loss/near-loss investigations shall be performed for the CH2M HILL and subcontractor 33 
incidents involving: 34 

• Person injuries/illnesses and near-miss injuries 
• Equipment/property damage 36 
• Spills, leaks, regulatory violations 
• Motor vehicle accidents 38 

The causes of loss and near-loss incidents are similar, so by identifying and correcting the 39 
causes of near-loss incidents, future loss incidents may be prevented. The following is the 40 
loss/near-loss investigation process: 41 

28 
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• Gather relevant facts, focusing on fact-finding, not fault-finding, while answering the 1 
who, what, when, where, and how questions. 2 

• Draw conclusions, pitting facts together into a probable scenario. 3 

• Determine incident root causes, which are basic causes on why an unsafe act/condition 
existed. 

4 
5 

16 

• Develop and implement solutions, matching identified root causes with solutions. 6 

• Communicate incident as a lesson learned to project personnel. 7 

• File follow-up on implemented corrective active action to confirm solution is 8 
appropriate. 9 

Site Supervisors/SSO shall perform an incident investigation, as soon as practical after 10 
incident occurrence during the day of the incident, for loss and near-loss incidents that 11 
occur on the project. Loss and near-loss incident investigations shall be performed using the 12 
following incident investigation forms provided in Attachment 9: 13 

• Incident Report Form (IRF) 14 
• Incident Investigation Form 15 
• Root Cause Analysis Form 
• Accident Investigation Report 17 

Loss and near-loss incidents involving personal injury, property damage in excess of $1,000 18 
or near-loss incidents that could have resulted in serious consequences shall be investigated 19 
by completing the incident investigation forms and submitting them to the Project Manager 20 
and HSM within 24 hours of incident occurrence. A preliminary Incident Investigation and 21 
Root Cause Analysis shall be submitted to the Project Manager and HSM within 24 hours of 22 
incident occurs. The final Incident Investigation and Root Cause Analysis shall be submitted 23 
after completing a comprehensive investigation of the incident. 24 
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11. Attachments 1 

Attachment 1: CH2M HILL Health, Safety, Environment, and Quality Policy 2 
Attachment 2: Employee Signoff Form 
Attachment 3: Project-Specific Chemical Product Hazard Communication Form 4 
Attachment 4: Chemical-Specific Training Form 
Attachment 5: Emergency Contacts 
Attachment 6: Project H&S Forms/Permits 
Attachment 7: Project Activity Self-Assessment Checklists 
Attachment 8: Applicable Material Safety Data Sheets 
Attachment 9: Behavioral Based Loss Prevention Field Forms 
Attachment 10: Biological Hazards and Controls 
Attachment 11: Certified Industrial Hygienist Resume 
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CH2MHILL ENTERPRISE

..

Protection of people and the envi ronment, while delivering quality products and services is a CH2M HILL core value.
It is our vision to create a cu lture within CH2M HILL that empowers employees to drive this value into all global CH2M
HILL operations and achieve excellence in health, safety, environment. and quali ty (HSE&Q) performance. CH2M
HILL deploys an integ rated , enterprise-wide behavior-based HSE&Q management system to fulfi ll our mission an d
the expectations of ou r clie nts , staff , and com munities base d on the following principles:

We require all management and supervisory personnel to provide the leadership and resources to inspire and
empower our employees to take responsibility for their actions and for the actions of the ir fellow employees to
create a safe, hea lthy, secure, and envi ronmentally-responsible workplace.

We prov ide value to clients by tailoring HSE&Q processes to customer needs and requiring all CH2M HILL personnel
and subcontrac tors to deliver projects with agi lity, persona l service, and responsiveness and in compliance with
HSE&Q requirements and company standards to achieve health, safety, quality, and pollution prevention excellence.
Our performance will aspire to influence others and conti nually redefine world-class HSE&Q excellence.

We systematically evaluate our design eng inee ring and physical work environment to verify safe and secure work
conditions and practices are established, consistently fo llowed, and timely corrected .

We co ntinually assess and improve our HSE&Q program to achieve and mai ntai n wo rld-ctass performan ce by
setti ng and reviewi ng objectives and targets, reporting performance metrics , and routinely reviewing our progress .

We care about the safety and security of every CH2M HILL employee and expect all employees to embrace ou r
culture, sha re our core value for the protection of people and the environme nt, understand thei r obligat ions ,
actively parti c ipate, take responsibility, and "walk the talk" on and off the job.

The undersigned pledge our leadership, commitment, and ae_-<m""..·. ,· ty for making this policy a reality at CH2M HILL.

Daled~. ____

Robert C. Allen, SENIOR VP, HUMAN RESOURCES LTD

Robert G . Card, PRESIDENT & CHIEF EXECUTNE. INTERNATIONAL

Ralph R. Peterso , CHAIRMAN, CHIEF EXECUTIVE OFFICER

"",,"""'0 CHIEF OPERATING OFFICERR. Keith Christopher, SENIOR VP, CHI HSE&Q OFFICER

DQ g f:pCHIEFmCUTIVE.
CIVIL INFRASTRUCTURE

J. Fe rri PRESIDE NT & GROUP CHIEF EXECUTI VE ,

& INDUSTRIAL

Y\ h~. - 1M . .-----
'N:;;;;~E CHAI RMAN



   

 

 
  

 

CH2M HILL Companies, Ltd. Experience Rating Modifications since May 1, 2000 

Policy Term State Modification 
Actual (A) or 
Tentative (T) 

05/01/06-05/01/07 Interstate 0.77 (A) 
 California 0.82 (A) 
 Michigan 0.86 (A) 
 New Jersey 0.773 (A) 
 Pennsylvania 0.779 (A) 
05/01/05-05/01/06 Interstate 0.84 (A) 
 California 1.01 (A) 
 Michigan 0.81 (A) 
 New Jersey 0.913 (T) 
 Pennsylvania 0.681 (A) 
05/01/04-05/01/05 Interstate 0.80 (A) 
 California 0.87 (A) 
 Michigan 0.81 (A) 
 New Jersey  1.097 (A) 
 Pennsylvania 0.685 (A) 
05/01/03-05/01/04 Interstate 0.82 (A) 
 California 0.99 (A) 
 Michigan 0.81 (A) 
 New Jersey  0.948 (A) 
 Pennsylvania 0.744 (A) 
05/01/02-05/01/03 Interstate 0.76 (A) 
 California 1.16 (A) 
 Michigan 0.78 (A) 
 New Jersey  1.121 (A) 
 Pennsylvania 1.040 (A) 
05/01/01-05/01/02 Interstate 0.61 (A) 
 California 0.87 (A) 
 Michigan 0.76 (A) 
 New Jersey 1.072 (A) 
 Pennsylvania 1.038 (A) 
05/01/00-05/01/01 Interstate 0.45 (A) 
 California 0.57 (A) 
 Michigan TBD  
 New Jersey 1.064 (A) 
 Pennsylvania 0.838 (A) 
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Death Days away 

from work

(A) (B) (C) (D) (E) (F) (G) (H) (I) (J) (K) (L) (1) (2) (3) (4) (5)

954 Project Scientist 01/07/03 AFCEE-Landfill 

Site LF-05

Cut/Laceration-Finger(s)
1 14 0 1

960 Associate Engineer 01/09/03 LAS Carpal Tunnel-Wrist(s)
1 0 0 1

956 Graphic Designer - Lead 01/13/03 RDD Wrist Pain-Wrist(s)
1 0 0 1

969 Project Consultant 01/24/03 SFO Carpal Tunnel-Wrist(s)
1 0 0 1

982 Project Engineer 02/03/03 Westside 

Interceptor 

Epicondylitis-Elbow(s)
1 0 0 1

978 Office Serv Asst 4 02/18/03 SEA Strain/Sprain-Back
1 0 3 1

996 Staff Engineer 1 03/18/03 SFO Carpal Tunnel-Multiple (Specify)
1 0 0 1

995 Res Proj Rep 4 03/27/03 Additional 

Inspection 

Strain/Sprain-Back
1 6 0 1

1002 Admin Asst 2 03/28/03 SEA Strain/Sprain-Ankle(s)
1 0 0 1

1006 Office Serv Asst 2 04/01/03 MGM Cut/Laceration-Finger(s)
1 0 0 1

1022 Project Planner 04/02/03 SCO Carpal Tunnel-Hand (s)
1 0 0 1

1010 Environmental 

Technologist 3

04/06/03 AFP 6/O&M 

Operations

Strain/Sprain-Ankle(s)
1 35 0 1

1016 Human Resource Senior 

Generalist

04/17/03 SCO Strain/Sprain-Back
1 0 0 1

997 Associate Consultant 04/23/03 SFO Carpal Tunnel-Multiple (Specify)
1 0 0 1

1037 Staff Planner 1 05/02/03 SFO Carpal Tunnel-Hand (s)
1 0 0 1

1036 Engineer Tech 3 05/12/03 CS.WB.RI Muscle Spasms-Back
1 0 0 1

1064 Office Serv Asst 3 05/24/03 CLT Strain/Sprain-Back
1 0 0 1

1053 Project Manager (PM) 05/30/03 Site Visit Insect bite -- possible tick bite-Ankle(s)
1 0 0 1

1063 PC Systems Specialist 07/07/03 COR Cut/Laceration-Finger(s)
1 0 0 1

1065 Is Web Designer 07/07/03 SLC Strain/Sprain-Multiple (Specify)
1 0 0 1

1070 Associate Consultant 07/10/03 Air Force Plant #6 Poison Ivy-Multiple (Specify)
1 0 0 1

1066 Scientific Specialist 07/11/03 Kelly AFB 

Semiannual CP / 

Cut/Laceration-Elbow(s)
1 0 0 1

OSHA 300 Log for the calendar year: 2003
Form Approved

O.M.B. No. 1218-0176

You must record information about every work-related death and about every work-related injury or illness that involves loss of consciousness, 
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1067 Office Serv Asst 4 07/14/03 SAC Tendonitis-Wrist(s)
1 0 0 1

1068 Resident Project 

Representative 4

07/16/03 VA288/RIC Strain/Sprain-Hand (s)
1 7 0 1

1074 Associate Engineer 07/21/03 SAC Tendonitis-Wrist(s)
1 0 0 1

1080 PC Systems Specialist 07/21/03 RDD Strained Back
1 0 0 1

1076 Cor Accounts Payable 

Specialist

07/22/03 COR -Finger(s)
1 0 2 1

1085 Project Consultant 07/29/03 GNV Fracture-Toe(s)
1 0 0 1

1102 Associate Engineer 08/06/03 In Transit Strain/Sprain-Multiple (Specify)
1 0 0 1

1096 Staff Planner 2 08/14/03 WBS Allergic reaction-Multiple (Specify)
1 0 0 1

1095 Environmental 

Technologist 2

08/19/03 Delta Energy 

Center

Fracture-Arm(s) Multiple
1 0 5 1

1110 Designer 5 09/18/03 ASA Strain/Sprain-Ankle(s)
1 14 0 1

1117 Office Serv Asst 6 10/02/03 CHI Strain/Sprain-Back
1 0 0 1

1128 Project Consultant 2 10/07/03 Aerial Mapping Cut/Laceration-Finger(s)
1 0 0 1

1134 Senior HR Assistant 10/10/03 SFO Tendonitis-Hand (s)
1 0 0 1

1126 Resident Project 

Representative 5

10/15/03 2003 Waste Water 

Recycling Project

Strain/Sprain-Knee(s)
1 0 0 1

1144 Cor Accounts Payable 

Specialist

10/31/03 COR Muscle Spasms-Abdomen
1 0 2 1

1140 Project Assistant 3 10/31/03 HOU Bruised both knees and left arm-Multiple 

(Specify)
1 0 0 1

1142 Environmental 

Technologist 3

11/04/03 HYDRO 

INVESTIGATION

Muscle Spasms-Back
1 0 0 1

1156 Designer 5 11/21/03 Pier T Concussion-Hand (s)
1 0 0 1

1160 Office Serv Asst 5 12/04/03 COR Hernia-Groin
1 0 0 1

1164 Graphic Designer 3 12/15/03 DEN Strain/Sprain-Back
1 0 0 1

1165 Lead Purchasing 

Specialist

12/24/2003 SEA Strain/Sprain-Back
1 1 4 1
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Year

Establishment name

City

(A) (B) (C) (D) (E) (F)

(G) (H) (I) (J) (K) (L) (1) (2) (3) (4) (5) (6)

1171 Associate 

Engineer

Jan-04 UOSA Project 54 Knee Damage-Knee(s)
1 0 0 1

1175 Project Scientist 

1

Feb-04 SCO Receive 2 Diagnosis: 1) lumbar strain  

2)slipped disk & pinched nerve-Back
1 0 0 1

1186 Project Assistant 

2

Feb-04 SCO Strain/Sprain-Back
1 0 7 1

1190 Project Assistant 

3

Mar-04 SEA Strain/Sprain-Back
1 5 0 1

1196 Staff Engineer 2 Mar-04 Johnston Atoll Revegitation Cut/Laceration-Finger(s)
1 0 0 1

1191 Sr. Help Desk 

Coordinator

Mar-04 SAC Strain/Sprain-Multiple (Specify)
1 0 0 1

1208 Office Serv Asst 

1

Mar-04 Other Pain in lower back-Back
1 40 0 1

1202 Assoc. Resident 

Rep.

Mar-04 Redlands Water Recycle Cut/Laceration-Leg(s)
1 180 0 1

1207 Project 

Accountant 3

Mar-04 ASW Strain/Sprain-Arm(s) Multiple
1 0 0 1

1215 Accounting 

Support 2

Apr-04 WDC Multiple (Specify)-Multiple (Specify)
1 0 0 1

1224 Staff Engineer 1 May-04 MKE Wrist Pain-Wrist(s) 1 0 0 1

1246 Project 

Accountant 3

Jun-04 ASW Wrist Pain-Wrist(s)
1 0 0 1

1259 Project 

Accountant 3

Jul-04 WDC Tendonitis-Shoulder(s)
1 0 0 1

1258 Administrative 

Assistant 2

Jul-04 CSG Was diagnosed as a pinched nerve-Back
1 0 0 1

1267 IS Consultant Jul-04 Other Fracture-Shoulder(s) 1 39 0 1

1274 Environmental 

Technologist 2

Jul-04 TO 147 GW HYDRO INVE Strain/Sprain-Elbow(s)
1 0 6 1

1284 Associate GIS 

Developer

Aug-04 G O Base Torn Achilles Tendon-Ankle(s)
1 0 0 1

1280 Staff Scientist 1 Aug-04 Performance Samples Burn (Chemical)-Arm(s) Multiple 1 0 0 1

1281 Technical Aide 3 Aug-04 USEPA Penta Wood 

Superfund Site

Tendonitis-Elbow(s)
1 0 119 1

1287 Survey 

Technician 1

Aug-04 Raw Water Pipeline Allergic reaction-ankles, eyelids, 

forearms
1 0 0 1

1303 Staff Engineer 2 Aug-04 SFO Left arm-Arm(s) Multiple
1 0 0 1

1301 Staff Engineer 2 Sep-04 SFO Strain/Sprain-Multiple (Specify)
1 0 0 1

1289 Cor Accounts 

Payable 

Sep-04 Multiple (Specify)-Back
1 0 0 1
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Welder)
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injury/ 
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You must record information about every work-related injury or illness that involves loss of consciousness, restricted work activity or job transfer, days away from work, or medical treatment beyond first aid.  You 

must also record significant work-related injuries and illnesses that are diagnosed by a physician or licensed health care professional.  You must also record work-related injuries and illnesses that meet any of the 

specific recording criteria listed in 29 CFR 1904.8 through 1904.12.  Feel free to use two lines for a single case if you need to.  You must complete an injury and illness incident report (OSHA Form 301) or 

equivalent form for each injury or illness recorded on this form.  If you're not sure whether a case is recordable, call your local OSHA office for help.

Form approved OMB no. 1218-0176

CH2M HILL, Inc. (INC)

Englewood State CO

Attention:  This form contains information relating to 

employee health and must be used in a manner that 

protects the confidentiality of employees to the extent 

possible while the information is being used for 

occupational safety and health purposes.

OSHA's Form 300 (Rev. 01/2004) 2004

Log of Work-Related Injuries and Illnesses U.S. Department of Labor

Occupational Safety & Health Administration
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Case No. Employee's Name
Job Title  (e.g., 

Welder)

Date of 

injury/ 

illness 

(mo./day)

Where the event occurred 

(e.g. Loading dock N. end)

Describe injury or illness, parts of body 

affected, and object/substance that 

directly injured or made person ill 

Death
Days away 

from work

Job transfer or 

restriction
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Away 

From 

Work 

(days)

On job 

transfer or 

restriction 

(days)
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(M

)

Other record- 

able cases

Enter the # of days the 

worker was:

Check the "injury" column or 

choose one type of illness:

Identify the person Describe the case Classify the case
CHECK ONLY ONE box for each case based on the 

most serious outcome for that case:

You must record information about every work-related injury or illness that involves loss of consciousness, restricted work activity or job transfer, days away from work, or medical treatment beyond first aid.  You 

must also record significant work-related injuries and illnesses that are diagnosed by a physician or licensed health care professional.  You must also record work-related injuries and illnesses that meet any of the 

specific recording criteria listed in 29 CFR 1904.8 through 1904.12.  Feel free to use two lines for a single case if you need to.  You must complete an injury and illness incident report (OSHA Form 301) or 

equivalent form for each injury or illness recorded on this form.  If you're not sure whether a case is recordable, call your local OSHA office for help.

Form approved OMB no. 1218-0176

CH2M HILL, Inc. (INC)

Englewood State CO

Attention:  This form contains information relating to 

employee health and must be used in a manner that 

protects the confidentiality of employees to the extent 

possible while the information is being used for 

occupational safety and health purposes.

OSHA's Form 300 (Rev. 01/2004) 2004

Log of Work-Related Injuries and Illnesses U.S. Department of Labor

Occupational Safety & Health Administration

1300 Senior Project 

Mgr

Sep-04 Other Bruised buttocks
1 0 0 1

1304 Employee 

Relations Mgr

Sep-04 Other Multiple (Specify)-Wrist(s)
1 0 0 1

1307 Admin Asst 3 Sep-04 IDF Strain/Sprain-Back 1 0 13 1

1312 Project Engineer 

1

Oct-04 Sloan Channel CM Wrist Pain-Wrist(s)
1 0 0 1

1335 Office Tech. 

Coordinator

Nov-04 SAN Hernia-groin area
1 0 0 1

1327 Project Manager 

(PM)

Nov-04 Engineering Support Irritation to eye-Eye(s)
1 0 0 1

1329 Associate 

Engineer

Nov-04 SCO Pain in shoulders and neck from time 

working on the computer.  
1 0 0 1

1338 Senior Project 

Manager

Nov-04 Red Beach Wetland 

Delineation

Allergic reaction-Multiple (Specify)
1 0 0 1

1340 Associate 

Resident Rep.

Nov-04 Inspection Fracture-Ankle(s)
1 1 0 1

1341 Telecom Tech 

Director

Nov-04 COR Fracture-Wrist(s)
1 0 7 1

1342 Project 

Consultant 1

Dec-04 In Transit Multiple (Specify)-Back
1 14 14 1

1348 Staff Inspector 1 Dec-04 DEN Muscle Spasms-Back
1 0 0 1

Page totals:    0 6 5 24 279 166 26 1 0 0 0 8
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Page 2 of 2 (1) (2) (3) (4) (5) (6)

Public reporting burden for this collection of information is estimated to average 14 minutes per response, including time to review the instruction, search and gather the data needed, and complete and 

review the collection of information.  Persons are not required to respond to the collection of information unless it displays a currently valid OMB control number.  If you have any comments about these 

estimates or any aspects of this data collection, contact:  US Department of Labor, OSHA Office of Statistics, Room N-3644, 200 Constitution Ave, NW, Washington, DC 20210.  Do not send the 

completed forms to this office.

Be sure to transfer these totals to the 

Summary page (Form 300A) before you post it.
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Year

Establishment name

City

(A) (B) (C) (D) (E) (F)

(G) (H) (I) (J) (K) (L) (1) (2) (3) (4) (5) (6)

1384 Facilities Ops 

Supv 2

2/7 Facilities rental Strain/Sprain-Back
1 0 0 1

1382 Staff Engineer 2 2/11 Geotechnical Investigation Allergic reaction-Face
1 0 0 1

1383 Associate Proj. 

Mgr

2/23 SCO Wrist Pain-Wrist(s)
1 0 0 1

1400 Regional BD & 

Planning Mgr

3/9 In Transit Multiple (Specify)-Chest/Ribs
1 0 0 1

1399 Facilities Ops. 

Lead

3/14 SAC Strain/Sprain-Multiple (Specify)
1 2 3 1

1392 Project Gis 

Developer

3/15 Wrist Pain-Wrist(s)
1 0 0 1

1401 Project Manager 3/17 Microturbine & Gas Cut/Laceration-Finger(s)
1 0 0 1

1398 Corp. Accounts 3/17 COR Strain/Sprain-Body System
1 0 0 1

1414 HR Assistant 4/5 COR Numbness, tingling, hottness-Hand (s)
1 0 0 1

1427 Administrative 

Assistant 3

4/20 PDX Fracture-Leg(s)
1 40 10 1

1438 Facilities Ops. 

Assist. 3

4/26 COR possible hernia-Abdomen
1 12 0 1

1433 Senior Help 

Desk Coord.

4/26 SAC Strain/Sprain-Wrist(s)
1 0 0 1

1432 Accounting 

Support 1

4/28 COR Wrist Pain-Wrist(s)
1 0 0 1

1495 Project Scientist 5/13 SWMU 5 Ecorisk Assessment Strain/Sprain-Knee(s)
1 0 0 1

1439 Regional 

Contracts Mgr

5/24 In Transit Broke fingers & R kneecap 
1 0 21 1

1458 Recruiting 

Specialist

6/1 RDD Wrist Pain-Wrist(s)
1 0 0 1

1465 Contracts 

Specialist

6/14 VBO Bruise/Contusion/Abrasion-Knee(s)
1 0 0 1

1469 Project Assistant 6/15 KNX Strain/Sprain-Ankle(s)
1 0 0 1

1476 Project Manager 6/16 SAN Carpal Tunnel-Hand (s)
1 0 0 1

1472 Accounting 

Support

6/21 COR Wrist Pain-Wrist(s)
1 0 0 1

1477 Project Engineer 6/22 In Transit Multiple (Specify)-Multiple (Specify)
1 12 0 1

1481 Staff Scientist 6/30 Upper Columbia River Strain/Sprain-Back 1 0 0 1

1488 Associate 

Surveyor

7/6 LF-05 Wetland Surveying and 

Work Plan

Cut/Laceration-Finger(s)
1 0 0 1

Attention:  This form contains information relating to 

employee health and must be used in a manner that 

protects the confidentiality of employees to the extent 

possible while the information is being used for 

occupational safety and health purposes.

OSHA's Form 300 (Rev. 01/2004) 2005

Log of Work-Related Injuries and Illnesses U.S. Department of Labor

Occupational Safety & Health Administration

You must record information about every work-related injury or illness that involves loss of consciousness, restricted work activity or job transfer, days away from work, or medical treatment beyond first aid.  You 

must also record significant work-related injuries and illnesses that are diagnosed by a physician or licensed health care professional.  You must also record work-related injuries and illnesses that meet any of the 

specific recording criteria listed in 29 CFR 1904.8 through 1904.12.  Feel free to use two lines for a single case if you need to.  You must complete an injury and illness incident report (OSHA Form 301) or 

equivalent form for each injury or illness recorded on this form.  If you're not sure whether a case is recordable, call your local OSHA office for help.

Form approved OMB no. 1218-0176

CH2M HILL,INC

Englewood State CO

Identify the person Describe the case Classify the case
CHECK ONLY ONE box for each case based on the 

most serious outcome for that case:

Enter the # of days the 

worker was:

Check the "injury" column or 

choose one type of illness:

Remained at work
Away 

From 

Work 

(days)

On job 

transfer or 

restriction 

(days)
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)

Other record- 

able cases
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Case No. Employee's Name
Job Title  (e.g., 

Welder)

Date of 

injury/ 

illness 

(mo./day)

Where the event occurred 

(e.g. Loading dock N. end)

Describe injury or illness, parts of body 

affected, and object/substance that 

directly injured or made person ill 

Death
Days away 

from work

Job transfer or 

restriction
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(A) (B) (C) (D) (E) (F)

(G) (H) (I) (J) (K) (L) (1) (2) (3) (4) (5) (6)

Attention:  This form contains information relating to 

employee health and must be used in a manner that 

protects the confidentiality of employees to the extent 

possible while the information is being used for 

occupational safety and health purposes.

OSHA's Form 300 (Rev. 01/2004) 2005

Log of Work-Related Injuries and Illnesses U.S. Department of Labor

Occupational Safety & Health Administration

You must record information about every work-related injury or illness that involves loss of consciousness, restricted work activity or job transfer, days away from work, or medical treatment beyond first aid.  You 

must also record significant work-related injuries and illnesses that are diagnosed by a physician or licensed health care professional.  You must also record work-related injuries and illnesses that meet any of the 

specific recording criteria listed in 29 CFR 1904.8 through 1904.12.  Feel free to use two lines for a single case if you need to.  You must complete an injury and illness incident report (OSHA Form 301) or 

equivalent form for each injury or illness recorded on this form.  If you're not sure whether a case is recordable, call your local OSHA office for help.

Form approved OMB no. 1218-0176

CH2M HILL,INC

Englewood State CO

Identify the person Describe the case Classify the case
CHECK ONLY ONE box for each case based on the 

most serious outcome for that case:

Enter the # of days the 

worker was:

Check the "injury" column or 

choose one type of illness:

Remained at work
Away 

From 

Work 

(days)

On job 

transfer or 

restriction 

(days)

In
ju

ry
  
  
  
  
  
(M

)

Other record- 

able cases
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 D
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Case No. Employee's Name
Job Title  (e.g., 

Welder)

Date of 

injury/ 

illness 

(mo./day)

Where the event occurred 

(e.g. Loading dock N. end)

Describe injury or illness, parts of body 

affected, and object/substance that 

directly injured or made person ill 

Death
Days away 

from work

Job transfer or 

restriction

1485 Software 

Architect

7/7 DEN Wrist Pain-Multiple (Specify)
1 0 0 1

1519 Project 

Consultant

8/10 SDO Pain L arm & R wrist
1 0 0 1

1518 Staff Consultant 8/10 PI-7 site reconnaissance Allergic reaction-Arm(s) Multiple
1 0 0 1

1526 Staff Scientist 8/15 City of Alexandria Stream 

Assessment Project

Cut/Laceration-Leg(s)
1 0 0 1

1547 Administrative 

Assistant

8/18 DEN Strain/Sprain-Upper Arm(s)
1 25 180 1

1525 HS&E 

Professional

8/18 PI-7 Site Survey (East 

Vieques)

Allergic reaction-Face
1 0 0 1

1630 Facilities Ops. 

Assist.

9/1 WDC Sever Lower Back Pains-Back
1 23 0 1

1542 Staff Engineer 9/10 BAO Wrist Pain-Wrist(s) 1 30 0 1

1594 Staff Scientist 9/23 Groundwater Monitoring Allergic reaction-Arm(s) Multiple 1 0 0 1

1572 Facilities Ops. 

Assist.

9/27 PDX Foreign Body in Eye-Eye(s)
1 0 0 1

1571 Administrative 

Assistant

9/29 SDO Strain/Sprain-Multiple (Specify)
1 0 7 1

1588 Senior HR 

Assistant

10/10 WDC Irritation to eye-Eye(s)
1 0 0 1

1621 EP02 11/1 Detail manhole inspection Strain/Sprain-Back 1 3 0 1

1629 Corp. Accounts 11/14 DEN Tendonitis-Wrist(s)
1 0 0 1

1634 PC Systems 

Support 

11/14 BAO Cut/Laceration-Wrist(s)
1 0 0 1

1600 Intern 11/15 ASW Strain/Sprain-Shoulder(s) 1 0 1 1

1614 Staff Engineer 11/18 BAO Wrist Pain-Multiple (Specify) 1 0 24 1

1702 Project Tech. 

Leader

11/19 In Transit Sprained tendon-Hand (s)
1 0 0 1

1643 Associate 

Scientist

11/20 Katrina & Rita Debris Removal 

QA

Neck pain
1 0 0 1

1685 Environmental 

Technologist

12/21 GW Investigation Puncture-Knee(s)
1 0 0 1

1689 Facilities Ops. 

Assist.

12/22 DEN Wrist Pain-Wrist(s)
1 0 0 1

Page totals:    0 8 4 32 147 246 31 3 0 0 0 10
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Attention:  This form contains information relating to 

employee health and must be used in a manner that 

protects the confidentiality of employees to the extent 

possible while the information is being used for 

occupational safety and health purposes.

OSHA's Form 300 (Rev. 01/2004) 2005

Log of Work-Related Injuries and Illnesses U.S. Department of Labor

Occupational Safety & Health Administration

You must record information about every work-related injury or illness that involves loss of consciousness, restricted work activity or job transfer, days away from work, or medical treatment beyond first aid.  You 

must also record significant work-related injuries and illnesses that are diagnosed by a physician or licensed health care professional.  You must also record work-related injuries and illnesses that meet any of the 

specific recording criteria listed in 29 CFR 1904.8 through 1904.12.  Feel free to use two lines for a single case if you need to.  You must complete an injury and illness incident report (OSHA Form 301) or 

equivalent form for each injury or illness recorded on this form.  If you're not sure whether a case is recordable, call your local OSHA office for help.

Form approved OMB no. 1218-0176

CH2M HILL,INC

Englewood State CO

Identify the person Describe the case Classify the case
CHECK ONLY ONE box for each case based on the 

most serious outcome for that case:

Enter the # of days the 

worker was:

Check the "injury" column or 

choose one type of illness:

Remained at work
Away 

From 

Work 

(days)

On job 

transfer or 

restriction 

(days)
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Case No. Employee's Name
Job Title  (e.g., 

Welder)

Date of 

injury/ 

illness 

(mo./day)

Where the event occurred 

(e.g. Loading dock N. end)

Describe injury or illness, parts of body 

affected, and object/substance that 

directly injured or made person ill 

Death
Days away 

from work

Job transfer or 

restriction
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Page 2 of 2 (1) (2) (3) (4) (5) (6)

Public reporting burden for this collection of information is estimated to average 14 minutes per response, including time to review the instruction, search and gather the data needed, and complete and 

review the collection of information.  Persons are not required to respond to the collection of information unless it displays a currently valid OMB control number.  If you have any comments about these 

estimates or any aspects of this data collection, contact:  US Department of Labor, OSHA Office of Statistics, Room N-3644, 200 Constitution Ave, NW, Washington, DC 20210.  Do not send the 

completed forms to this office.

Be sure to transfer these totals to the 

Summary page (Form 300A) before you post it.
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Attachment 2: EMPLOYEE SIGNOFF FORM 
Health and Safety Plan 

• The CH2M HILL project employees and subcontractors listed below have been provided with a copy of this HSP, have 
read and understood it, and agree to abide by its provisions. 

Project Name: Former St. Louis Ordnance Plan Project Number: 364298 

EMPLOYEE NAME 
(Please print) EMPLOYEE SIGNATURE COMPANY DATE 
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Attachment 3: Project-Specific Chemical Product Hazard  
Communication Form 
This form must be completed prior to performing activities that expose personnel to hazardous chemicals products. 
Upon completion of this form, the SSHO shall verify that training is provided on the hazards associated with these 
chemicals and the control measures to be used to prevent exposure to CH2M HILL and subcontractor personnel. 
Labeling and MSDS systems will also be explained. 

Project Name: Former St. Louis Ordnance Plan Project Number: 364298 

MSDSs will be maintained at the following locations: Field Vehicle 

Hazardous Chemical Products Inventory 

Container labels 
MSDS 

Available Chemical Quantity Location Identity Hazard 

Methane 1 liter, compressed Support Zone    

Isobutylene 1 liter, compressed Support Zone    

Pentane 1 liter, compressed Support Zone    

Hydrochloric acid < 500 ml Support Zone / sample bottles    

Nitric acid < 500 ml Support Zone / sample bottles    

Sulfuric Acid < 500 ml Support Zone / sample bottles    

Sodium hydroxide < 500 ml Support Zone / sample bottles    

Methanol < 1 Gallon Support/Decon Zones    

Hexane < 1 Gallon Support/Decon Zones    

pH buffers < 500 ml Support Zone    

MSA Sanitizer < 1 liter Support/Decon Zones    

Alconox/Liquinox < 1liter Support/Decon Zones    
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Attachment 4: CHEMICAL-SPECIFIC TRAINING FORM 

 
Location:           Project #: 364298 
HCC:           Trainer:       
 
TRAINING PARTICIPANTS: 
 

NAME SIGNATURE NAME SIGNATURE 

    
    
    
    
    
    
    
 
REGULATED PRODUCTS/TASKS COVERED BY THIS TRAINING: 
  
  
  
  
  
  
  
  
 
The HCC shall use the product MSDS to provide the following information concerning each of the 
products listed above. 
 

 Physical and health hazards 
 

 Control measures that can be used to provide protection (including appropriate work practices, 
emergency procedures, and personal protective equipment to be used) 

 
 Methods and observations used to detect the presence or release of the regulated product in the 

workplace (including periodic monitoring, continuous monitoring devices, visual appearance 
or odor of regulated product when being released, etc.) 

 
Training participants shall have the opportunity to ask questions concerning these products and, 
upon completion of this training, will understand the product hazards and appropriate control 
measures available for their protection. 
 
Copies of MSDSs, chemical inventories, and CH2M HILL’s written hazard communication program 
shall be made available for employee review in the facility/project hazard communication file.  



 

Attachment 5: Emergency Contacts 

24-hour CH2M HILL Emergency Beeper – 720-286-4911 
CH2M HILL Occupational Health Nurse – 800-756-1130 

Medical Emergency 911 
Facility Medical Response #: 911 
Local Ambulance #: 911 

 

Fire/Spill Emergency  911 
Facility Fire Response #: 911 
Local Fire Dept #: 911 

Local Occupational Physician 
N/A 

Security & Police 911 
Facility Security #: 911 
Local Police #: 911 

Corporate Director Health and Safety 
Name: Andy Strickland/COR 
Phone: 303-771-0952  

Utilities Emergency 
Water:  1-800-DIG-RITE 
Gas:  1-800-DIG-RITE 
Electric:  1-800-DIG-RITE 

Regional Health and Safety Manager (HSM) 
Name: Steve Beck 
Phone: 414-272-1052 x277 
Regional Environmental Manager 
Linda Hickok/SYR 
315-422-7250 x229 

Designated Safety Coordinator 
Name: TBD 
Phone: TBD 

Corporate Human Resources Department 
Name: John Monark/COR 
Phone: 303-771-0900 

Project Manager 
Name: Chris English 
Phone: 314-335-3012 

Worker’s Compensation and Auto Claims 
Contact Local HR Dept – After hours contact Albert 
Jerman 303-741-5927 

Federal Express Dangerous Goods Shipping 
Phone: 800-238-5355 
CH2M HILL Emergency Number for Shipping 
Dangerous Goods 
Phone: 800-255-3924 

Automobile Accidents 
Rental: Linda Anderson/DEN 720-286-2401 
CH2M HILL Vehicle:  
Zurich American Insurance 800-987-3373 

Contact the project manager. Generally, the project manager will contact relevant government agencies. 
Facility Alarms: None 
 

Evacuation Assembly Area: Fleet Vehicle 

Facility/Site Evacuation Route(s): TBD onsite 
 
Hospital Name/Address: 
Kindred Hospital-St. Louis 
4930 Lindell Blvd  
Saint Louis, MO 63018 

Hospital Phone #: 314-361-8700 
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 D i r e c t i o n s  t o  H o s p i t a l   
 

 [2701-2729] GOODFELLOW BLVD, ST LOUIS, MO  

1. Start at [2701-2729] GOODFELLOW BLVD, ST LOUIS going toward 
KENNERLY AVE  go 0.8 mi 0.8 mi  

2. Turn LEFT on PAGE BLVD(MO-D)  go 1.3 mi 2.1 mi  

3. Turn RIGHT on N KINGSHIGHWAY BLVD  go 1.2 mi 3.3 mi  

4. Make a U-Turn at W PINE BLVD onto N KINGSHIGHWAY BLVD  go 0.1 mi 3.4 mi  

5. Turn RIGHT on LINDELL BLVD  go < 0.1 mi 3.4 mi  

6. Arrive at 4930 LINDELL BLVD, ST LOUIS, on the RIGHT   

 4930 LINDELL BLVD, ST LOUIS, MO  
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Attachment 6 
Project H&S Forms and Permits 



  Activity Hazard Analysis 

HSE-92 1 REV. 4 

Date:   
 

 
Activity:  
 

Project: 
 

Site Supervisor:  
 
 
Site Safety Officer: 

 
Description of the work: 

 Review for latest use: Before the job is performed. 
 

Work Activity Sequence 
(Identify the principal steps involved and the 

sequence of work activities) 
Potential Health and Safety Hazards 

(Analyze each principal step for potential hazards) 
Hazard Controls 

(Develop specific controls for each potential hazard) 
 
 
 
 
 
 

  

 
 
 
 
 
 

  

 
 
 
 
 
 

  

 
 
 
 
 
 

  



  Activity Hazard Analysis 

HSE-92 1 REV. 4 

 

Equipment to be used 
(List equipment to be used in the work activity) 

Inspection Requirements 
(List inspection requirements for the work activity) 

Training Requirements 
(List training requirements including hazard communication) 

 
 
 
 
 
 
 

  

 
 
 
 
 
 

  

 
 
 
 
 
 
 

  

 
 
 
 
 
 
 

  

 
 
 
 
 
 
 

  



  Activity Hazard Analysis 

HSE-92 1 REV. 4 

PRINT NAME   SIGNATURE 
 
Supervisor Name:          Date/Time:      
 
Safety Officer Name:          Date/Time:      
 
Employee Name(s):          Date/Time:      
 
 
            Date/Time:      
 
 
            Date/Time:      
 
 
            Date/Time:      
 
 
            Date/Time:      
 
 
            Date/Time:      
 
 
            Date/Time:      
 
 
            Date/Time:      
 
 
            Date/Time:      
 



 
Initial Medical Treatment Form 

 
To be completed by CH2M HILL Supervisor – Send with employee visiting medical facility or forward within 24 
hours. 
 
Employee name: ______________________________________Date of Injury:____________________________ 
 
Supervisor: __________________________________ HS Representative:________________________________ 
 
Visit Authorized by: ____________________________________Phone #;__________________________ 
 
CH2M HILL  Workers Compensation Administrator:  Cambridge 
 
Send Bills to:  CH2M HILL  
                        Attn: Jennifer Rindahl 
                        P.O. Box 22508 
                        Denver, Colorado  80222-0508 
 
 
To be completed by medical provider: 
 
Physician’s name: ________________________________________ Phone #: ______________________________ 
 
Address: _____________________________________________________________________________________ 
 
CH2M HILL employee: ____________________________ has been treated for:____________________________ 
 
  
It is the policy of CH2M HILL to provide temporary modified duty whenever possible for employees with 
physical restrictions resulting from an occupational injury or illness. 
  

 Released to full duty 
 

 Released to restricted duty only (list restrictions below) 
 

 Out of work until ____________________(date) 
 
Please list any physical restrictions: 
_____________________________________________________________________________________________
_____________________________________________________________________________________________ 
 
Expected duration of restricted duty? _______________________________________________________________ 
 
CH2M HILL would like the best and most efficient care extended to all our employees. Please recommend 
over-the-counter (OTC) medication as a suitable alternative when medically feasible. 
 

 Prescribed medication:________________________________________________________________________ 
 

 Recommended OTC alternative:________________________________________________________________ 
 
Date of follow-up appointment:____________________________________________________________________ 
 
Physician’s signature: ______________________________________________ Date: ________________________ 
 
Please return this form to the injured employee and FAX to Health Resources at 1-800-853-2641. If you want to 

discuss the employee’s work restrictions, please call the person listed in the “Visit Authorized by” field 
 



 

Attachment 7 
Project Activity Self-Assessment Checklists 
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HS&E SELF-ASSESSMENT CHECKLIST – DRILLING  REV. 4

 

HS&E Self-Assessment Checklist - DRILLING Page 1 of  3 
 
This checklist shall be used by CH2M HILL personnel only and shall be completed at the frequency specified in the project’s 
written safety plan. 
 
This checklist is to be used at locations where: 1) CH2M HILL employees are potentially exposed to drilling hazards, 2) 
CH2M HILL staff are providing support function related to drilling activities, and/or 3) CH2M HILL oversight of a drilling 
subcontractor is required. 
 
Safety Coordinator may consult with drilling subcontractors when completing this checklist, but shall not direct the means and 
methods of drilling operations nor direct the details of corrective actions. Drilling subcontractors shall determine how to correct 
deficiencies and we must carefully rely on their expertise. Items considered to be imminently dangerous (possibility of serious 
injury or death) shall be corrected immediately, or all exposed personnel shall be removed from the hazard until corrected. 
 
 
Project Name: ______________________________________________________     Project No.: ______________________ 

Location: ______________________________________________________  PM: __________________________________ 

Auditor: ____________________________________   Title: _________________________________ Date: _____________ 
 
This specific checklist has been completed to: 
 

  Evaluate CH2M HILL employee exposures to drilling hazards (complete Section 1). 
  Evaluate CH2M HILL support functions related to drilling activities (complete Section 2) 
  Evaluate a CH2M HILL subcontractor’s compliance with drilling safety requirements (complete entire checklist). 

Subcontractors Name: ________________________________________________________ 
 
 
• Check “Yes” if an assessment item is complete/correct.  

• Check “No” if an item is incomplete/deficient.  Deficiencies shall be brought to the immediate attention of the drilling 
subcontractor.  Section 3 must be completed for all items checked “No.”   

• Check “N/A” if an item is not applicable. 

• Check “N/O” if an item is applicable but was not observed during the assessment.  

Numbers in parentheses indicate where a description of this assessment item can be found in SOP HSE-35. 
 

SECTION 1  -  SAFE WORK PRACTICES  (4.1) 
  Yes No N/A N/O 
1. Personnel cleared during rig startup     
2. Personnel clear of rotating parts     
3. Personnel not positioned under hoisted loads     
4. Loose clothing and jewelry removed     
5. Smoking is prohibited around drilling operation     
6. Personnel wearing appropriate personal protective equipment (PPE), per written plan     
7. Personnel instructed not to approach equipment that has become electrically energized       
  

SECTION 2  -  SUPPORT FUNCTIONS  (4.2) 
FORMS/PERMITS  (4.2.1) 
8. Driller license/certification obtained     
9. Well development/abandonment notifications and logs submitted and in project files     
10. Water withdrawal permit obtained, where required     
11. Dig permit obtained, where required     
 
UTILITY LOCATING  (4.2.2)   
12. Location of underground utilities and structures identified    
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 SECTION 2 (Continued) 
WASTE MANAGEMENT  (4.2.3)  Yes No N/A N/O 
13. Drill cuttings and purge water managed and disposed properly     
 
DRILLING AT HAZARDOUS WASTE SITES  (4.2.4) 
14. Waste disposed of according to project’s written safety plan     
15. Appropriate decontamination procedures being followed, per project’s written safety plan     
 
DRILLING AT ORDNANCE  EXPLOSIVES (OE)/UNEXPLODED ORDNANCE (UXO) SITES  (4.2.5) 
16. OE plan prepared and approved     
17. OE/UXO avoidance provided, routes and boundaries cleared and marked     
18. Initial pilot hole established by UXO technician with hand auger     
19. Personnel remain inside cleared areas      
 

SECTION 3  -  DRILLING SAFETY REQUIREMENTS  (4.3) 
GENERAL  (4.3.1) 
20. Only authorized personnel operating drill rigs     
21. Daily safety briefing/meeting conducted with crew     
22. Daily inspection of drill rig and equipment conducted before use     
 
DRILL RIG PLACEMENT  (4.3.2) 
23. Location of underground utilities and structures identified     
24. Safe clearance distance maintained from overhead power lines      
25. Drilling pad established, when necessary     
26. Drill rig leveled and stabilized     
27. Additional precautions taken when drilling in confined areas     
 
DRILL RIG TRAVEL  (4.3.3) 
28. Rig shut down and mast lowered and secured prior to rig movement     
29. Tools and equipment secured prior to rig movement     
30. Only personnel seated in cab are riding on rig during movement     
31. Safe clearance distance maintained while traveling under overhead power lines     
32. Backup alarm or spotter used when backing rig     
  
DRILL RIG OPERATION  (4.3.4) 
33. Kill switch clearly identified and operational     
34. All machine guards are in place     
35. Rig ropes not wrapped around body parts     
36. Pressurized lines and hoses secured from whipping hazards     
37. Drill operation stopped during inclement weather     
38. Air monitoring conducted per written safety plan for hazardous atmospheres      
39. Rig placed in neutral when operator not at controls     
 
DRILL RIG SITE CLOSURE  (4.3.5) 
40. Ground openings/holes filled or barricaded     
41. Equipment and tools properly stored     
42. All vehicles locked and keys removed     
 
DRILL RIG MAINTENANCE  (4.3.6) 
28. Defective components repaired immediately     
29. Lockout/tagout procedures used prior to maintenance     
30. Cathead in clean, sound condition     
31. Drill rig ropes in clean, sound condition     
32. Fall protection used for fall exposures of 6 feet (U.S.) 1.5 meters (Australia) or greater     
33. Rig in neutral and augers stopped rotating before cleaning     
34. Good housekeeping maintained on and around rig    
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SECTION 4 
 

Complete this section for all items checked “No” in previous sections.  Deficient items must be corrected in a timely manner.   
Item 

# 
 

Corrective Action Planned/Taken 
Date 

Corrected 
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
 

Auditor: _________________________________ Project Manager: ___________________________________  
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This checklist shall be used by CH2M HILL personnel only and shall be completed at the frequency specified in the project’s 
HSP/FSI. 
 
This checklist is to be used at locations where: (1) CH2M HILL employees enter excavations (complete Sections 1 and 3), 
and/or (2) CH2M HILL oversight of an excavation subcontractor is required (complete entire checklist).  
 
SC may consult with excavation subcontractors when completing this checklist, but shall not direct the means and methods of 
excavation operations nor direct the details of corrective actions.  Excavation subcontractors shall determine how to correct 
deficiencies and we must carefully rely on their expertise.  Conditions considered imminently dangerous (possibility of serious 
injury or death) shall be corrected immediately or all exposed personnel shall be removed from the hazardous area until 
corrected. 
 
 
Project Name: ______________________________________________________     Project No.: ______________________ 

Location: ______________________________________________________  PM: __________________________________ 

Auditor: ____________________________________   Title: _________________________________ Date: _____________ 
 
This specific checklist has been completed to: 
 

  Evaluate CH2M HILL employee exposures to excavation hazards 
  Evaluate a CH2M HILL subcontractor’s compliance with excavation HS&E requirements 

Subcontractor Name: ________________________________________________________ 
 
 
• Check “Yes” if an assessment item is complete/correct.  

• Check “No” if an item is incomplete/deficient.  Deficiencies shall be brought to the immediate attention of the excavation 
subcontractor.  Section 3 must be completed for all items checked “No.”   

• Check “N/A” if an item is not applicable. 

• Check “N/O” if an item is applicable but was not observed during the assessment.  

Numbers in parentheses indicate where a description of this assessment item can be found in Standard of Practice HSE-32. 
 
 
 SECTION 1  Yes No N/A N/O 
 
EXCAVATION ENTRY REQUIREMENTS (4.1) 
 
1. Personnel have completed excavation safety training     
2. Competent person has completed daily inspection and has authorized entry      
3. Personnel are aware of entry requirements established by competent person     
4. Protective systems are free from damage and in stable condition     
5. Surface objects/structures secured from falling into excavation     
6. Potential hazardous atmospheres have been tested and found to be at safe levels     
7. Precautions have been taken to prevent cave-in from water accumulation in the excavation     
8. Personnel wearing appropriate PPE, per HSP/FSI        
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 SECTION  2 Yes No N/A N/O 
GENERAL  (4.2.1) 
9. Daily safety briefing/meeting conducted with personnel     
10. Excavation and protective systems adequately inspected by competent person     
11. Defective protective systems or other unsafe conditions corrected before entry     
12. Guardrails provided on walkways over excavation 6’ (1.8m) or deeper       
13. Barriers provided at excavations 6’ or deeper when excavation not readily visible       
14. Barriers or covers provided for wells, pits, shafts, or similar excavation 6’ (1.8 m) or deeper      
15. Earthmoving equipment operated safely (use earthmoving equipment checklist in HS-27)      
 
PRIOR TO EXCAVATING  (4.2.2) 
16. Dig permit obtained where required by client/facility     
17. Location of underground utilities and installations identified     
18. Excavation area evaluated for OE/UXO hazards     
19. Soils characterized prior to excavation where contamination may be present     
20. USDA (or local equivalent) soil permit obtained for soil transport, where required     
21. Excavation area checked for wetlands, endangered species, cultural/historic resources     
22. ACOE/CWA 404 (or local equivalent) permit obtained for wetlands, where required     
23. Stockpile management plan prepared     
24. Waste discharge/NPDES (or local equivalent) permit obtained for excavation dewatering      
25. Stormwater pollution prevention or erosion & sediment control plan prepared, where required)     
  
EXCAVATING ACTIVITIES  (4.2.3) 
26. Rocks, trees, and other unstable surface objects removed or supported     
27. Exposed underground utility lines supported     
28. Undermined surface structures supported or determined to be in safe condition     
29. Warning system used to remind equipment operators of excavation edge     
30. Stockpile, excavation covers, liners, silt fences in place, where required     
31. Fugitive dust suppressed     
 
EXCAVATION ENTRY  (4.2.4) 
32. Trenches > 4’ (1.2 m) deep provided with safe means of egress within 25’ (7.6 m)     
33. Structure ramps designed and approved by competent person     
34. Potential hazardous atmospheres tested prior to entry     
35. Rescue equipment provided where potential for hazardous atmospheres exists     
36. Ventilation used to control hazardous atmospheres and air tested frequently     
37. Appropriate respiratory protection used when ventilation does not control hazards     
38. Precautions taken to prevent cave-in from water accumulation in excavation     
39. Precautions taken to prevent surface water from entering excavation        
40. Protection provided from falling/rolling material from excavation face      
41. Spoil piles, equipment, materials restrained or kept at least 2’ (61 cm) from excavation edge       
  
EXCAVATION PROTECTIVE SYSTEMS  (4.2.5) 
42. Protective systems used for excavations 5’ (1.5 m) or deeper, unless stable rock     
43. Protective systems for excavation deeper than 20’ (6.1 m) designed by registered PE     
44. If soil unclassified, maximum allowable slope is 34 degrees     
45. Protective systems free from damage     
46. Protective system used according to manufacturer’s recommendations and not subjected to  
 loads exceeding design limits     
47. Protective system components securely connected to prevent movement or failure     
48. Cave-in protection provided while entering/exiting shielding systems     
49. Personnel removed from shielding systems when installed, removed, or vertical movement     
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 SECTION  2 (Continued) Yes No N/A N/O 
 
PROTECTIVE SYSTEM REMOVAL AND BACKFILLING  (4.2.6) 
50. Protective system removal starts and progresses from excavation bottom     
51. Protective systems removed slowly and cautiously     
52. Temporary structure supports used if failure of remaining components observed     
53. Backfilling taking place immediately after protective system removal     
54. Backfill certified clean when required by client or local regulation     
 
EXCAVATING AT HAZARDOUS WASTE SITES  (4.2.7) 
55. Waste disposed of according to HSP and RCRA regulations     
56. Appropriate decontamination procedures being followed, per HSP     
 
EXCAVATING AT POTENTIAL ORDNANCE EXPLOSIVES SITES  (4.2.8) 
57. OE plan prepared and approved     
58. OE/UXO avoidance provided, routes and boundaries cleared and marked     
59. Personnel remain inside the marked boundary     
60. Earthmoving equipment does not excavate closer than 1’ (30.5 cm) to anomalies     
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SECTION 3 
 

Complete this section for all items checked “No” in Sections 1 or 2.  Deficient items must be corrected in a timely manner.   
Item 

# 
 

Corrective Action Planned/Taken 
Date 

Corrected 
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
 
Auditor: _________________________________   Project Manager: _______________________________ 
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This checklist shall be used by CH2M HILL personnel only and shall be completed at the frequency specified in the project’s 
HSP/FSI. 

This checklist is to be used at locations where: 1) CH2M HILL employees are potentially exposed to hazards associated with 
forklift operations, 2) CH2M HILL employees are operating forklifts, and/or 3) CH2M HILL provides oversight of a 
subcontractor operating forklifts.  

SC may consult with subcontractors using forklifts when completing this checklist, but shall not direct the means and methods 
of forklift operations nor direct the details of corrective actions. Subcontractors using forklifts shall determine how to correct 
deficiencies, and we must carefully rely on their expertise. Items considered to be imminently dangerous (possibility of serious 
injury or death) shall be corrected immediately or all exposed personnel shall be removed from the hazard until corrected. 

 
Project Name: ______________________________________________________  Project No.: ______________________ 

Location: ______________________________________________________ PM: __________________________________ 

Auditor: ____________________________________ Title: _________________________________ Date: _____________ 
 
This specific checklist has been completed to: 
 

  Evaluate CH2M HILL employee exposures to forklift hazards (Complete Section 1). 
 Evaluate CH2M HILL employees operating forklifts (Complete entire checklist). 
  Evaluate a CH2M HILL subcontractor’s compliance with forklift safety requirements (Complete entire checklist). 

Subcontractor’s Name: ________________________________________________________ 
 
 
• Check “Yes” if an assessment item is complete/correct.  

• Check “No” if an item is incomplete/deficient. Deficiencies shall be brought to the immediate attention of the 
subcontractor. Section 3 must be completed for all items checked “No.”  

• Check “N/A” if an item is not applicable. 

• Check “N/O” if an item is applicable but was not observed during the assessment.  

Numbers in parentheses indicate where a description of this assessment item can be found in Standard of Practice HS-48. 
 
SAFE WORK PRACTICES  (3.1) SECTION 1  Yes No N/A N/O 
 
1. Personnel maintaining safe distance from operating forklifts.     
2. Positioning personnel in proximity to operating forklifts is avoided.     
3. Personnel wearing high-visibility vests when close to operating forklifts.     
4. Personnel approach operating forklifts safely.     
5. Personnel only riding in seats equipped with seat belts.     
6. Personnel not lifted or lowered by forklift unless approved for such use.     
7. Personnel not positioned under elevated loads or forks.     
8. Personnel do not place body between mast uprights or outside running lines during operation.     
9. Personnel do not touch or approach forklift that has become electrically energized.     
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FORKLIFT SAFETY REQUIREMENTS SECTION 2 Yes No N/A N/O 
 
PRIOR TO OPERATING FORKLIFT  (3.2.1) 
10. Only certified personnel operating forklifts.     
11. Daily safety briefing/meeting conducted with forklift operators.     
12. Daily inspection of forklift conducted and documented.     
13. Rated capacity of forklift visible to operator.     
14. Modifications and attachments used approved by forklift manufacturer.     
15. High-lift forklifts have load backrest and overhead guard.     
16. Seat belts are provided and used.     
17. Backup alarm or spotter used when backing forklift.     
18. Operational horn provided and used as necessary.     
19. Braking system capable of stopping capacity load.     
20. Forklifts equipped with lights for low-light operations.     
21. Carbon monoxide concentrations below PEL (50 ppm).     
22. At least one fire extinguisher available at the forklift operating area.     

DESIGNATIONS AND LOCATIONS  (3.2.2) 
23. Atmosphere/locations classified as hazardous or non-hazardous.     
24. Only properly designated forklifts used in hazardous locations.     

FORKLIFT LOADING/UNLOADING  (3.2.3) 
25. Operator handles only loads within rated capacity, adjusts for long or tall loads.      
26. Loads are stabilized before forklift travel.     
27. Operator using proper tilt to stabilize load, uses caution when tilting elevated loads.     
28. When two forklifts lift a load in unison, operators stay in close communication.    
29. Trucks, trailers, railroad cars secured from movement before entering with forklift.    
30. Dockplates/bridgeplates secured before use; capacity not exceeded.    
31. Truck, trailer, railroad car flooring checked for weakness before forklift boarding.    
32. Personnel platforms secured to forklift and shut off means provided on platform.     

FORKLIFT TRAVEL  (3.2.4) 
33. Forklift operated on safe roadways and grades.     
34. Grades ascended/descended properly.     
35. Forklift operated at safe speed, kept under control at all times     
36. Operators slow down and use horn at areas with obstructed vision.     
37. Forklifts operating in reverse when load obstructs vision.     
38. Operator keeping clear view of path of travel.     
39. Forklifts do not pass other stopped vehicles at areas with obstructed vision.     
40. Operators maintain safe distance from edge of ramps and platforms.     
41. Overhead clearance maintained from installations.     
42. Forklifts not parked within 8 feet of center of railroad tracks. Tracks crossed diagonally.     
43. Forklift parked correctly when operator is dismounted.     
 
FORKLIFT MAINTENANCE  (3.2.5) 
44. Forklifts with unsafe conditions removed from service and tagged as such to prevent use.     
45. Forklifts repaired in designated, non-hazardous locations by authorized personnel.     
46. Battery disconnected when repairing electrical systems.     
47. Additions or omissions of parts not performed without manufacturer’s approval.     
48. Good housekeeping maintained on and around forklift.     
49. Water mufflers checked daily, kept at 75% full.     
50. Forklifts removed from service if sparks, flames, or elevated operating temperatures occur.     
51. Suspended forklifts or components are supported prior to work under or between.     
52. Fueling/battery charging conducted in designated, well-ventilated area.     
53. Fueling/battery charging areas properly equipped for task.     
54. No smoking in fueling/battery charging areas.     
55. Spillage of fuel properly cleaned up before starting forklift.     
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SECTION 3 
 

Complete this section for all items checked “No” in Sections 1 or 2. Deficient items must be corrected in a timely manner.  

Item # 
 

Corrective Action Planned/Taken 
Date 

Corrected 
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
 

Auditor: _________________________________ Project Manager: ___________________________________  
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This checklist shall be used by CH2M HILL personnel only and shall be completed at the frequency specified in the project’s 
HSP/FSI. 
 
This checklist is to be used at locations where: 1) CH2M HILL employees are potentially exposed to hazards associated with 
waste management operations (complete Sections 1 and 3), and/or 2) CH2M HILL oversight of a hazardous waste management 
subcontractor is required (complete entire checklist).  
 
SSEC/DSEC may consult with hazardous waste management subcontractors when completing this checklist, but shall not 
direct the means and methods of hazardous waste management operations nor direct the details of corrective actions. Waste 
management subcontractors shall determine how to correct deficiencies and we must carefully rely on their expertise. Items 
considered to be imminently dangerous (possibility of serious injury or death) shall be corrected immediately or all exposed 
personnel shall be removed from the hazard until corrected. 
 
Completed checklists shall be sent to the Health and Safety Manager for review. 
 
Project Name: ______________________________________________________ Project No.: ______________________ 

Location: ______________________________________________________ PM: __________________________________ 

Auditor: ____________________________________ Title: _________________________________ Date: _____________ 
 
This specific checklist has been completed to: 
 

  Evaluate CH2M HILL employee exposure to hazardous waste. 
  Evaluate a CH2M HILL subcontractor’s compliance with the hazardous waste management requirements. 

Subcontractors Name: ________________________________________________________ 
 
 
• Check “Yes” if an assessment item is complete/correct.  

• Check “No” if an item is incomplete/deficient. Deficiencies shall be brought to the immediate attention of the 
subcontractor. Section 3 must be completed for all items checked “No.”  

• Check “N/A” if an item is not applicable. 

• Check “N/O” if an item is applicable but was not observed during the assessment.  

Numbers in parentheses indicate where a description of this assessment item can be found in Standard of Practice HS-80. 
 
 
 SECTION 1   
  Yes No N/A N/O 
PERMITS AND NOTIFICATIONS (7.0) 
1. Client site has an EPA ID Number or RCRA permit.     
2. CH2M activities comply with client’s RCRA permit.     
 
ACCUMULATION (8.0) 
3. LQG — accumulates hazardous waste for up to 90 days.     
4. SQG — accumulates hazardous waste for up to 180 days.     
5. CESQGs — no limit on accumulation unless it exceeds 1,000kg.     
 
CONTAINERS (8.1) 
6. Hazardous wastes are packaged according to DOT requirements.     
7. Container inspections are documented in writing using the Container Inspection Checklist.     
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 SECTION 2 Yes No N/A N/O 
 
MARKING AND LABELING (8.2) 
Uncharacterized Waste (8.2.1) 
8. Containers of unknown wastes are marked with a description of the contents.     
9. The accumulation start date is marked on the container.     
10. Containers are marked with a unique identifier.     
11. Non-classified label used for unclassified waste.     
 
Non-Hazardous Waste (8.2.2) 
12. All containers must be marked an labeled, including non-regulated waste.     
13. Non-Hazardous Waste label includes generator name, address, and description of waste.     
 
Hazardous Waste (8.2.3) 
14. Hazardous waste identified with yellow Hazardous Waste label.     
15. The accumulation start date marked and visible on the container.     
16. Containers labeled according to DOT requirements.     
 
Building/Storage Area Marking (8.2.4) 
17. Hazardous waste storage areas labeled.     
 
ACCUMULATION AREAS (8.3) 
Satellite Accumulation Area (8.3.1) 
18. Up to 55 gal. of hazardous waste or 1 qt. of acutely haz. waste accumulated for unlimited time.     
19. Accumulation area at or near the point of generation.     
20. Area under control of waste generator.     
 
90-Day Accumulation Area (8.3.2) 
21. Hazardous waste >55 gal. stored for 90 days in managed accumulation area.     
22. Accumulation area is used only for storage of waste.     
23. Container requirements have been followed.     
24. Emergency spill response procedures posted and spill kit available.     
25. Fire extinguisher, water supply, telephone, and alarm are located in accumulation area.     
26. Emergency shower/eyewash station available, tested and functioning.     
27. Accumulation area is locked when authorized personnel are not available.     
28. Appropriate signs posted at the entrance.     
29. Secondary containment provided for liquid hazardous waste.     
30. Weekly inspections logged into book using Accumulation Area Inspection Log Sheet.     
31. “NO SMOKING OR OPEN FLAME” signs posted.     
32. Prior to closure all containers, liners, or containment devices removed or decontaminated.     
 
CONTINGENCY PLAN AND EMERGENCY PROCEDURES (9.0) 
33. Contingency plans and emergency procedures have been incorporated in work plans.     
 
TRAINING (10.0) 
34. Personnel handling hazardous waste have appropriate training.     
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 SECTION 3 Yes No N/A N/O 
OFFSITE DISPOSAL (11.0) 
35. Disposal facilities identified using the procedures in HSE-79.     
36. Disposal facilities evaluated under Waste Subcontractor Qualification Procedure in HSE-84.     
37. Waste characterization, sampling, and analysis procedures in HSE-79 followed.     
 
Evaluate Land Disposal Restrictions (11.3) 
Identification of Treatment Standards (11.3.1) 
38. Waste characterized and waste codes determined.     
39. LDR exemptions identified.     
40. Alternate treatment standards evaluated.     
41. Waste determined to be wastewater or non-wastewater.     
42. Treatment standards identified.     
43. Universal Treatment Standards (UTS) identified.     
 
Confirm Final Disposal Options (11.4) 
44. Disposal facilities waste profile forms have been completed.     
45. Client signatures have been obtained on waste profile forms.     
46. Signed waste profile forms and enclosures have been submitted to the disposal facility.     
 
OFFSITE TRANSPORT (12.0) 
47. Transporter has documented H&S and monitoring program and written spill response plan.     
48. Transporter is permitted in the state and has disposal facilities listed on their permit.     
49. Transporter can service origin and destination state and disposal facility.     
50. Transporter can meet proposed shipment schedule.     
51. Disposal facility accepted waste and issued approval letter.     
 
Manifesting (12.1) 
52. Manifest and LDR notification/certification form completed.     
53. Manifest includes reference no., shipping name, hazard class, ID no., and packaging group.     
54. DOT trained staff completed manifest.     
55. Manifest is for the state where the waste will be disposed.     
56. Pre-shipment manifest review completed.     
57. Original signed manifest returned to client within 35 days of ship date.     
58. Waste shipments tracked using Waste Tracking Form.     
 
Waste Pickup (12.2) 
59. Signed shipping papers have been delivered to project site.     
60. Individual assigned to supervise pickup and ensure transporter signs manifest.     
61. Onsite representative must not sign any shipping documents unless authorized under contract.     
 
RECORDKEEPING AND REPORTING (13.0) 
Copies of Waste Profiles (13.1) 
62. Two copies of completed, signed profile forms(s) and documentation for CH and client files.     
 
Copies of Shipping Documents (13.2) 
63. Keep copy of all manifests in project file.     
64. Manifest copies distributed to agencies, client and project file.     
 
Recordkeeping (13.2.1) 
Copies of the following documents should be maintained by the client and CH2M HILL for at least 3 years from the date the 
hazardous waste was accepted by the initial transporter. 
65. Manifests signed by the disposal facility.     
66. LDR notification and certification forms (must be retained for 5 years)     
67. Biennial reports     
68. Exception reports     
69. Hazardous waste characterization information.     
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SECTION 3 
 

Complete this section for all items checked “No” in Sections 1 or 2. Deficient items must be corrected in a 
timely manner.  
Item 

# 
 

Corrective Action Planned/Taken 
Date 

Corrected 
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Attachment 8 
Applicable Material Safety Data Sheets 



ALCONOX®  
 

1. Product Identification 
Synonyms: Proprietary blend of sodium linear alkylaryl sulfonate, alcohol sulfate, 
phosphates, and carbonates.  
CAS No.: Not applicable.  
Molecular Weight: Not applicable to mixtures.  
Chemical Formula: Not applicable to mixtures.  
Product Codes: A461  

2. Composition/Information on Ingredients 
Ingredient                                CAS No         Percent            
Hazardous 
-------------------------------------   ------------   ------------   ---- 
 
Alconox®                                  N/A              90 - 100%        
Yes 
proprietary detergent mixture 
 

3. Hazards Identification 
Emergency Overview  
--------------------------  
CAUTION! MAY BE HARMFUL IF SWALLOWED OR INHALED. MAY 
CAUSE IRRITATION TO EYES AND RESPIRATORY TRACT.  
 
J.T. Baker SAF-T-DATA(tm) Ratings (Provided here for your convenience)  
-------------------------------------------------------------------------------------------------------  
Health Rating: 1 - Slight  
Flammability Rating: 0 - None  
Reactivity Rating: 1 - Slight  
Contact Rating: 2 - Moderate  
Lab Protective Equip: GOGGLES; LAB COAT  
Storage Color Code: Orange (General Storage)  
-------------------------------------------------------------------------------------------------------  
Potential Health Effects  
----------------------------------  
Inhalation:  
May cause irritation to the respiratory tract. Symptoms may include coughing and 
shortness of breath.  
Ingestion:  
May cause irritation to the gastrointestinal tract. Symptoms may include nausea, 
vomiting and diarrhea.  



Skin Contact:  
No adverse effects expected.  
Eye Contact:  
May cause irritation, redness and pain.  
Chronic Exposure:  
No information found.  
Aggravation of Pre-existing Conditions:  
No information found.  

 

4. First Aid Measures 
Inhalation:  
Remove to fresh air. Get medical attention for any breathing difficulty.  
Ingestion:  
If swallowed, DO NOT INDUCE VOMITING. Give large quantities of water. Never 
give anything by mouth to an unconscious person. Get medical attention.  
Skin Contact:  
Wash exposed area with soap and water. Get medical advice if irritation develops.  
Eye Contact:  
Immediately flush eyes with plenty of water for at least 15 minutes, lifting lower and 
upper eyelids occasionally. Get medical attention immediately.  

5. Fire Fighting Measures 
Fire:  
Not expected to be a fire hazard.  
Explosion:  
No information found.  
Fire Extinguishing Media:  
Dry chemical, foam, water or carbon dioxide.  
Special Information:  
In the event of a fire, wear full protective clothing and NIOSH-approved self-
contained breathing apparatus with full facepiece operated in the pressure demand or 
other positive pressure mode.  

6. Accidental Release Measures 
Ventilate area of leak or spill. Wear appropriate personal protective equipment as 
specified in Section 8. Spills: Pick up and place in a suitable container for reclamation 
or disposal, using a method that does not generate dust. When mixed with water, 
material foams profusely. Small amounts of residue may be flushed to sewer with 
plenty of water. 



7. Handling and Storage 
Keep in a tightly closed container, stored in a cool, dry, ventilated area. Protect 
against physical damage. Moisture may cause material to cake. Containers of this 
material may be hazardous when empty since they retain product residues (dust, 
solids); observe all warnings and precautions listed for the product.  

8. Exposure Controls/Personal Protection 
Airborne Exposure Limits:  
- OSHA Permissible Exposure Limit (PEL):  
15 mg/m3 total dust, 5 mg/m3 respirable fraction for nuisance dusts. 
- ACGIH Threshold Limit Value (TLV):  
10 mg/m3 total dust containing no asbestos and < 1% crystalline silica for 
Particulates Not Otherwise Classified (PNOC).  
Ventilation System:  
A system of local and/or general exhaust is recommended to keep employee 
exposures below the Airborne Exposure Limits. Local exhaust ventilation is generally 
preferred because it can control the emissions of the contaminant at its source, 
preventing dispersion of it into the general work area. Please refer to the ACGIH 
document, Industrial Ventilation, A Manual of Recommended Practices, most recent 
edition, for details.  
Personal Respirators (NIOSH Approved):  
If the exposure limit is exceeded, a half-face dust/mist respirator may be worn for up 
to ten times the exposure limit or the maximum use concentration specified by the 
appropriate regulatory agency or respirator supplier, whichever is lowest. A full-face 
piece dust/mist respirator may be worn up to 50 times the exposure limit, or the 
maximum use concentration specified by the appropriate regulatory agency, or 
respirator supplier, whichever is lowest. For emergencies or instances where the 
exposure levels are not known, use a full-facepiece positive-pressure, air-supplied 
respirator. WARNING: Air-purifying respirators do not protect workers in oxygen-
deficient atmospheres.  
Skin Protection:  
Wear protective gloves and clean body-covering clothing.  
Eye Protection:  
Use chemical safety goggles. Maintain eye wash fountain and quick-drench facilities 
in work area.  

9. Physical and Chemical Properties 
Appearance:  
White powder interspersed with cream colored flakes.  
Odor:  
No information found.  
Solubility:  
Moderate (1-10%)  



Specific Gravity:  
No information found.  
pH:  
No information found.  
% Volatiles by volume @ 21C (70F):  
0  
Boiling Point:  
No information found.  
Melting Point:  
No information found.  
Vapor Density (Air=1):  
No information found.  
Vapor Pressure (mm Hg):  
No information found.  
Evaporation Rate (BuAc=1):  
No information found.  

10. Stability and Reactivity 
Stability:  
Stable under ordinary conditions of use and storage.  
Hazardous Decomposition Products:  
Carbon dioxide and carbon monoxide may form when heated to decomposition.  
Hazardous Polymerization:  
Will not occur.  
Incompatibilities:  
No information found.  
Conditions to Avoid:  
No information found.  

11. Toxicological Information 
No LD50/LC50 information found relating to normal routes of occupational 
exposure.  

--------\Cancer Lists\---------------------------------------------------- 
                                       ---NTP Carcinogen--- 
Ingredient                             Known    Anticipated    IARC 
Category 
----------------------------------   -----    -----------    ------------- 
Alconox®                                No          No            None 
proprietary detergent mixture 
 

12. Ecological Information 
Environmental Fate:  
This product is biodegradable.  



Environmental Toxicity:  
No information found.  

13. Disposal Considerations 
Whatever cannot be saved for recovery or recycling should be managed in an 
appropriate and approved waste disposal facility. Processing, use or contamination of 
this product may change the waste management options. State and local disposal 
regulations may differ from federal disposal regulations. Dispose of container and 
unused contents in accordance with federal, state and local requirements.  

14. Transport Information 
Not regulated.  

 

15. Regulatory Information 
--------\Chemical Inventory Status - Part 1\------------------------------ 
Ingredient                                       TSCA  EC   Japan  
Australia 
---------------------------------------------  ----  ---  -----  --------- 
Alconox®                                          Yes  No    No       No 
proprietary detergent mixture 
 
--------\Chemical Inventory Status - Part 2\------------------------------ 
                                                        --Canada-- 
Ingredient                                       Korea  DSL   NDSL  Phil. 
-----------------------------------------------  -----  ---   ----  ----- 
Alconox®                                          No    No    Yes    No 
proprietary detergent mixture 
 
-------\Federal, State & International Regulations - Part 1\-------------- 
                                        -SARA 302-    ------SARA 313------ 
Ingredient                              RQ    TPQ     List  Chemical Catg. 
--------------------------------------  ---   -----   ----  -------------- 
Alconox®                                   No    No      No         No 
proprietary detergent mixture 
 
------\Federal, State & International Regulations - Part 2\--------------- 
                                                      -RCRA-    -TSCA- 
Ingredient                                 CERCLA     261.33     8(d) 
-----------------------------------------  ------     ------    ------ 
Alconox®                                   No         No         No 
proprietary detergent mixture 
 
Chemical Weapons Convention:  No     TSCA 12(b):  No     CDTA:  No 
SARA 311/312:  Acute: Yes      Chronic: No   Fire: No  Pressure: No 
Reactivity: No          (Pure / Solid) 
 



16. Other Information 
NFPA Ratings: Health: 0 Flammability: 0 Reactivity: 0  
Label Hazard Warning:  
CAUTION! MAY BE HARMFUL IF SWALLOWED OR INHALED. MAY 
CAUSE IRRITATION TO EYES AND RESPIRATORY TRACT.  
Label Precautions:  
Avoid contact with eyes. 
Keep container closed. 
Use with adequate ventilation. 
Avoid breathing dust. 
Wash thoroughly after handling.  
Label First Aid:  
If swallowed, DO NOT INDUCE VOMITING. Give large quantities of water. Never 
give anything by mouth to an unconscious person. If inhaled, remove to fresh air. If 
not breathing, give artificial respiration. If breathing is difficult, give oxygen. In case 
of eye contact, immediately flush eyes with plenty of water for at least 15 minutes. In 
all cases, get medical attention.  
Product Use:  
Laboratory Reagent.  
Revision Information:  
MSDS Section(s) changed since last revision of document include: 1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, 11, 12, 15, 16.  

Disclaimer:  
*********************************************************************  
Mallinckrodt Baker, Inc. provides the information contained herein in good 
faith but makes no representation as to its comprehensiveness or accuracy. This 
document is intended only as a guide to the appropriate precautionary handling 
of the material by a properly trained person using this product. Individuals 
receiving the information must exercise their independent judgment in 
determining its appropriateness for a particular purpose. MALLINCKRODT 
BAKER, INC. MAKES NO REPRESENTATIONS OR WARRANTIES, 
EITHER EXPRESS OR IMPLIED, INCLUDING WITHOUT LIMITATION 
ANY WARRANTIES OF MERCHANTABILITY, FITNESS FOR A 
PARTICULAR PURPOSE WITH RESPECT TO THE INFORMATION SET 
FORTH HEREIN OR THE PRODUCT TO WHICH THE INFORMATION 
REFERS. ACCORDINGLY, MALLINCKRODT BAKER, INC. WILL NOT BE 
RESPONSIBLE FOR DAMAGES RESULTING FROM USE OF OR 
RELIANCE UPON THIS INFORMATION.  
********************************************************************* 
Prepared by: Environmental Health & Safety 
Phone Number: (314) 654-1600 (U.S.A.)  



 

NITRIC ACID 
 

SPEX INDUSTRIES INC -- NITRIC ACID BLANK, PLBLK-HN03 -- 6850-00N020537 
======================================================= 
MSDS Safety Information  
======================================================= 
FSC: 6850 
MSDS Date: 03/04/1988 
MSDS Num: BLRMY 
LIIN: 00N020537 
Tech Review: 08/02/1995 
Product ID: NITRIC ACID BLANK, PLBLK-HN03 
Responsible Party 
Cage: 07977 
Name: SPEX INDUSTRIES INC 
Address: 3880 PARK AVENUE 
City: EDISON NJ 08820 US 
Info Phone Number: 201-549-7144 
Emergency Phone Number: 201-549-7144 
Preparer's Name: LINDA OLCHVARY 
Review Ind: N 
======================================================= 
Contractor Summary  
======================================================= 
Cage: 07977 
Name: SPEX CERTIPREP INC 
Address: 203 NORCROSS AVE 
City: METUCHEN NJ 08840 US 
Phone: 732-549-7144 
======================================================= 
Ingredients  
======================================================= 
Cas: 7697-37-2 
RTECS #: QU5775000 
Name: NITRIC ACID  (SARA III) 
% by Wt: 5 
OSHA PEL: 2 PPM/4 STEL 
ACGIH TLV: 2 PPM/4 STEL; 9192 
EPA Rpt Qty: 1000 LBS 
DOT Rpt Qty: 1000 LBS 
Ozone Depleting Chemical: N 
======================================================= 
Health Hazards Data  
======================================================= 
LD50 LC50 Mixture: LC50: (INHALE/RAT) 224 PPM(NO2)/30M 
Route Of Entry Inds - Inhalation: YES 
Skin: YES 
Ingestion: YES 
Carcinogenicity Inds - NTP: NO 
IARC: NO 
OSHA: NO 
Effects of Exposure: CONC NITRIC ACID MAY BE FATAL IF TOO MUCH IS 
INHALED/ABSORBED THRU SKIN.CONC NITRIC ACID VAP/MIST IS IRRITANT OF 
EYES, MUC MEMB & SKIN.IN CONT W/EYES, PRODUCES SEVERE BURNS WHICH MAY 



RESULT IN PERMANE NT DMG & VISUAL IMPAIRMENT.ON SKIN, LIQ/CONC VAP 
PRODUCES IMMED, SEVERE & PENETRATING BURNS; CONC (SEE EFTS OF OVEREXP) 
Explanation Of Carcinogenicity: NOT RELEVANT 
Signs And Symptoms Of Overexposure: HLTH HAZ: SOLN CAUSES DEEP ULCERS & 
STAINS SKIN BRIGHT YELLOW/YELLOWISH BROWN COLOR.VAP & MIST MAY ERODE 
EXPSD TEETH W/PRLNGD EXPOS.INGEST OF LIQ WILL CAUSE IMMED PAIN & BURNS 
OF MOUTH, ESOPHAGUS & GI  TRACT.INHAL MAY BE FATAL CAUSING SPASM,INFLAM 
& EDEMA OF LARYNX & BRONCHI, CHEM PNEUM & PULM EDEMA. SYMP (SUPP DATA) 
Medical Cond Aggravated By Exposure: NONE SPECIFIED BY MANUFACTURER. 
First Aid: EYES: FLUSH WITH WATER FOR AT LEAST 15 MINUTES OCCASIONALLY 
LIFTING UPPER AND LOWER EYELIDS. SKIN: REMOVE CONTAMINATED CLOTHING, 
THEN FLUSH WITH WATER FOR AT LEAST 15 MINUTES. WASH CLOTHING THOROµGHLY  
BEFORE REUSE. INHAL: MOVE TO FRESH AIR. IF IRRITATION CONTINUES, CALL MD 
IMMEDIATELY. INGEST: CALL MD IMMEDIATELY (FP N). 
======================================================= 
Handling and Disposal 
======================================================= 
Spill Release Procedures: VENT AREA. DILUTE SPILL W/WATER & NEUT W/ SODA 
ASH, LIMESTONE, ETC. WIPE UP & PUT IN A SEALED CNTNR FOR PROPER DISP. 
WASH SPILL SITE OFF W/WATER AFTER MATL PICK UP IS COMPLETE. WEAR CHEM 
RESISTANT GLA SSES, GLOVES & CLTHG. WEAR NIOSH/MSHA APPRVD RESP. 
Neutralizing Agent: SEE SPILL/RELEASE PROCEDURES. 
Waste Disposal Methods: CONTACT LOCAL HAZARDOUS OR CHEMICAL WASTE DISPOSAL 
AGENCY FOR REGULATIONS. DISPOSAL MUST BE IN ACCORDANCE WITH FEDERAL, 
STATE AND LOCAL REGULATIONS (FP N). 
Handling And Storage Precautions: CONCENTRATED NITRIC ACID WILL ATTACK 
SOME FORMS OF PLASTICS, RUBBER AND COATINGS. STORE AT ROOM TEMPERATURE. 
KEEP TIGHTLY SEALED WHEN NOT IN USE. 
Other Precautions: HAVE IMMEDIATE AVAILABILITY OF AN EYE WASH IN CASE OF 
EMERGENCY. AVOID INHALATION, INGESTION AND CONTACT WITH EYES AND SKIN. 
======================================================= 
Fire and Explosion Hazard Information  
======================================================= 
Flash Point Text: NOT COMBUSTIBLE 
Extinguishing Media: APPROPRIATE TO SURROUNDING FIRE CONDITIONS. 
Fire Fighting Procedures: WEAR NIOSH/MSHA APPRVD SCBA & FULL PROT EQUIP 
(FP N). CONC HNO3 REACTS EXPLO W/COMBUST ORG/READILY OXIDIZABLE MATLS 
SUCH AS; ALCOHOL, WOOD, (SEE SUPP DATA) 
Unusual Fire/Explosion Hazard: CONC HNO3 IS NOT COMBUST, BUT IS STRONG 
OXIDIZER & ITS HEAT OF RXN W/REDUCING AGENTS/COMBUST MAY CAUSE IGNIT. 
CAN REACT W/METALS TO RELEASE FLAM HYDROGEN GAS. 
======================================================= 
Control Measures  
======================================================= 
Respiratory Protection: NIOSH/MSHA APPROVED RESPIRATOR. 
Ventilation: USE IN A CHEMICAL FUME HOOD. 
Protective Gloves: CHEMICAL RESISTANT GLOVES. 
Eye Protection: CHEM WORK GOGG/FULL LENGTH FACESHLD(FPN) 
Other Protective Equipment: CHEMICAL RESISTANT CLOTHING. EYE WASH IN CASE 
OF EMERGENCY AND A LAB COAT. DELµGE SHOWER (FP N). 
Work Hygienic Practices: WASH CAREFULLY AFTER USE. 
Supplemental Safety and Health: FIRE FIGHT PROC: TURPENTINE/METAL POWDERS/ 
HYDROGEN SULFIDE/ETC. MATLS TO AVOID: ALCOHOL/WOOD/TURPENTINE, METAL 
POWDERS/HYDROGEN SULFIDE/ETC. CONT W/STRONG BASES WILL CAUSE VIOLENT 
SPLATTERING.EFTS OF  OVEREXP: INCL BURNING SENSATION, COµGH, WHEEZING, 
LARYNGITIS, SHORTNESS OF BREATH, HDCH, NAUS & VOMIT. 
======================================================= 



Physical/Chemical Properties  
======================================================= 
HCC: C1 
Spec Gravity: APPROXIMATELY 1 
Solubility in Water: SOLUBLE 
Appearance and Odor: TRANSPARENT WITH AN ACRID ODOR. 
======================================================= 
Reactivity Data  
======================================================= 
Stability Indicator: YES 
Stability Condition To Avoid: ELEVATED TEMPERATURES MAY CAUSE CONTAINERS 
TO BURST AND LIBERATE TOXIC NOX. 
Materials To Avoid: CONC HNO3 IS A POWERFUL OXIDIZING AGENT. IT REACTS 
EXPLO W/COMBUST ORG/READILY OXIDIZABLE MATLS SUCH AS; (SUPP DATA) 
Hazardous Decomposition Products: WILL RELEASE TOXIC NITROGEN OXIDE FUMES 
AND VAPORS. 
Hazardous Polymerization Indicator: NO 
Conditions To Avoid Polymerization: NOT RELEVANT 
======================================================= 
Toxicological Information  
======================================================= 
======================================================= 
Ecological Information  
======================================================= 
======================================================= 
MSDS Transport Information  
======================================================= 
======================================================= 
Regulatory Information  
======================================================= 
======================================================= 
Other Information  
======================================================= 
======================================================= 
Transportation Information  
======================================================= 
Responsible Party Cage: 07977 
Trans ID NO: 25204 
Product ID: NITRIC ACID BLANK, PLBLK-HN03 
MSDS Prepared Date: 03/04/1988 
Review Date: 01/17/1992 
Article W/O MSDS: N 
Multiple KIT Number: 0 
Unit Of Issue: NK 
Container QTY: NK 
======================================================= 
Detail DOT Information  
======================================================= 
DOT PSN Code: KFD 
DOT Proper Shipping Name: NITRIC ACID 
DOT PSN Modifier: OTHER THAN RED FUMING, WITH NOT MORE THAN 70 PERCENT 
NITRIC ACID 
Hazard Class: 8 
UN ID Num: UN2031 
DOT Packaging Group: II 
Label: CORROSIVE 
Special Provision: B2,B47,B53,T9,T27 



Non Bulk Pack: 158 
Bulk Pack: 242 
Max Qty Pass: FORBIDDEN 
Max Qty Cargo: 30 L 
Vessel Stow Req: D 
Water/Ship/Other Req: 44,66,89,90,110,111 
======================================================= 
Detail IMO Information  
======================================================= 
IMO PSN Code: KPF 
IMO Proper Shipping Name: NITRIC ACID 
IMO PSN Modifier: ,OTHER THAN RED FUMING,ALL CONCENTRATIONS 
IMDG Page Number: 8195 
UN Number: 2031 
UN Hazard Class: 8 
IMO Packaging Group: I/II 
Subsidiary Risk Label: - 
EMS Number: 8-03 
MED First Aid Guide NUM: 610 
======================================================= 
Detail IATA Information  
======================================================= 
IATA PSN Code: RWI 
IATA UN ID Num: 2031 
IATA Proper Shipping Name: NITRIC ACID 
IATA PSN Modifier: ,OTHER THAN RED FUMING, WITH 20% OR LESS NITRIC ACID 
IATA UN Class: 8 
IATA Label: CORROSIVE 
UN Packing Group: II 
Packing Note Passenger: 807 
Max Quant Pass: 1L 
Max Quant Cargo: 30L 
Packaging Note Cargo: 813 
======================================================= 
Detail AFI Information  
======================================================= 
AFI PSN Code: RWI 
AFI Symbols: T 
AFI Proper Shipping Name: NITRIC ACID 
AFI PSN Modifier: ,OTHER THAN RED FUMING, WITH LESS THAN 20% NITRIC ACID 
AFI Hazard Class: 8 
AFI UN ID NUM: UN2031 
AFI Packing Group: II 
AFI Label: CORROSIVE 
Back Pack Reference: A12.11 
======================================================= 
HAZCOM Label  
======================================================= 
Product ID: NITRIC ACID BLANK, PLBLK-HN03 
Cage: 07977 
Company Name: SPEX CERTIPREP INC 
Street: 203 NORCROSS AVE 
City: METUCHEN NJ 
Zipcode: 08840 US 
Health Emergency Phone: 201-549-7144 
Date Of Label Review: 10/18/1991 
Label Date: 10/18/1991 



Chronic Hazard IND: N 
Eye Protection IND: YES 
Skin Protection IND: YES 
Signal Word: DANGER 
Respiratory Protection IND: YES 
Health Hazard: Moderate 
Contact Hazard: Severe 
Fire Hazard: None 
Reactivity Hazard: None 
Hazard And Precautions: ACUTE: CORROSIVE & FATAL IF TOO MUCH IS 
INHALED/ABSORBED THRU SKIN. CAUSES SEVERE EYE BURNS WHICH MAY RESULT IN 
PERMANENT DMG & VISUAL IMPAIRMENT. CAUSES SKIN BURNS, DEEP ULCERS & 
YELLOW/YELLOWISH BRO WN STAINS ON SKIN. SWALLOWING LIQ WILL CAUSE 
IMMEDIATE PAIN & BURNS OF MOUTH, ESOPHAGUS & GI TRACT. INHAL MAY BE 
FATAL CAUSING SPASM, INFLAM & EDEMA OF LARYNX & BRONCHI, CHEM PNEUMONIA 
& PULM EDEMA. A VOID INHAL, INGEST & EYE/SKIN CONTACT. CHRONIC EFTS:  
VAPOR & MIST MAY ERODE EXPOSED TEETH WITH PROLONGED EXPOSURE. 
 
 
 
 
======================================================= 
Disclaimer (provided with this information by the compiling agencies):  
This information is formulated for use by elements of the Department of 
Defense. The United States of America in no manner whatsoever expressly 
or implied warrants, states, or intends said information to have any 
application, use or viability by or to any person or persons outside the 
Department of Defense nor any person or persons contracting with any 
instrumentality of the United States of America and disclaims all 
liability for such use. Any person utilizing this instruction who is not 
a military or civilian employee of the United States of America should 
seek competent professional advice to verify and assume responsibility 
for the suitability of this information to their particular situation 
regardless of similarity to a corresponding Department of Defense or 
other government situation. 



ISOBUTYLENE 

 
 

AIRGAS INC                     -- ISOBUTYLENE-C4H8                              
======================================================= 
MSDS Safety Information  
======================================================= 
FSC: 6665 
NIIN: 01-214-8247 
MSDS Date: 01/16/1998 
MSDS Num: CLCRL 
Product ID: ISOBUTYLENE-C4H8 
MFN: 01 
Responsible Party 
Cage: UO451 
Name: AIRGAS INC 
Address: 259 RADNOR-CHESTER RD SUITE 100 
City: RADNOR PA 19087-5240 
Info Phone Number: 1-610-687-5253 
Emergency Phone Number: (800)424-9300 
Resp. Party Other MSDS No.: DOCUMENT NUMBER: 1031 
Chemtrec IND/Phone: (800)424-9300 
Published: Y 
======================================================= 
Preparer Co. when other than Responsible Party Co.  
======================================================= 
Cage: 0KBF5 
Name: CHEMICAL SAFETY ASSOCIATES INC 
Address: 9163 CHESAPEAKE DR 
City: SAN DIEGO CA 92123-1002 
======================================================= 
Contractor Summary  
======================================================= 
Cage: UO451 
Name: AIRGAS INC 
Address: 259 RADNOR-CHESTER RD SUITE 100 
City: RADNOR PA 19087-5240 
Phone: 1-610-687-5253 
Cage: 7Z016 
Name: KAMPI COMPONENTS CO., INC. 
Address: 210 RT 13 
Box: 721 
City: BRISTOL PA 19007-3517 
Phone: 215-736-2000 
Contract Number: SP0440-00-M-JA63 
======================================================= 
Item Description Information  
======================================================= 
Item Manager: S9G 
Item Name: CALIBRATION GAS CYL 
Specification Number: NONE 
Type/Grade/Class: NONE 
Unit of Issue: EA 
UI Container Qty: 1 
Type of Container: CYLINDER 



======================================================= 
Ingredients  
======================================================= 
Cas: 115-11-7 
RTECS #: UD0890000 
Name: ISOBUTYLENE 
> Wt: 90. 
------------------------------ 
Name: MAXIMUM IMPURITIES 
< Wt: 1. 
======================================================= 
Health Hazards Data  
======================================================= 
Route Of Entry Inds - Inhalation: YES 
Carcinogenicity Inds - NTP: NO 
IARC: NO 
OSHA: NO 
Effects of Exposure: ACUTE: THE MOST SIGNIFICANT HAZARD IS OXYGEN-
DEFICIENT 
ATOMSPHERES. AT HIGH CONCENTRATIONS UNCONSCIOUSNESS OR DEATH MAY OCCUR. 
CONTACT WITH LIQUIDFIED GAS OR RAPIDLY EXPANDING GASES MAY CAUSE FROSTBIT 
E. 
ISOBUTYLENE ALSO HAS SOME DEGREE OF ANESTHETIC ACTION AND CAN BE MILDLY 
IRRITATING TO THE MUCOUS MEMBRANES. CHRONIC: NO KNOWN ADVERSE HEALTH 
EFFECTS 
ASSOCIATED WITH CHRONIC EXPOSURE TO ISOBUTYLENE.  TARGET ORGANS: 
RESPIRATORY 
SYSTEM. 
Explanation Of Carcinogenicity: ISOBUTYLENE IS NOT FOUND ON THE FOLLOWING 
LISTS: FEDERAL OSHA Z LIST, NTP, IARC, CAL/OSHA, AND THEREFORE IS NEITHER 
CONSIDERED TO BE NOR SUSPECTED TO BE A CANCER-CAUSING AGENT BY THESE 
AGENCIES. 
Signs And Symptoms Of Overexposure: INHALATION: SYMPTOMS OF OXYGEN 
DEFICIENCY 
INCLUDE RESPIRATORY DIFFICULTY, HEADACHES, RINGING IN EARS, DIZZINESS, 
DROWSINESS, UNCONSCIOUSNESS, NAUSEA, VOMITING, AND DEPRESSION OF ALL THE 
SENSES. UNDER  SOME CIRCUSTANCES OF OVEREXPOSURE, DEATH MAY OCCUR. 
First Aid: RESCUERS SHOULD NOT ATTEMPT TO RETRIEVE VICTIMS OF EXPOSURE TO 
ISOBUTYLENE WITHOUT ADEQUATE PERSONAL PROTECTIVE EQUIPMENT. AT A MINIMUM, 
SELF-CONTAINED BREATHING APPARATUS AND FIRE-RETARDANT PERSONAL  PROTECTIVE 
EQUIPMENT SHOULD BE WORN. FIRE PROTECTION MUST BE PROVIDED DURING RESCUE 
SITUATIONS. REMOVE VICTIMS(S) TO FRESH AIR. TRAINED PERSONNEL SHOULD 
ADMINISTER OXYGEN AND/OR CARDIO-PULMONARY RESUS CITATION, IF NECESSARY. IN 
CASE OF FROSTBITE, PLACE FROSTBITEN PART IN WARM WATER. (CONTD. SEE OTHER 
INFORMATION) 
======================================================= 
Handling and Disposal 
======================================================= 
Spill Release Procedures: UNCONTROLLED RELEASES SHOULD BE COVERED BY 
TRAINED 
PERSONNEL USING PRE-PLANNED PROCEDURES. PROPER PROTECTIVE EQUIPMENT SHOULD 
BE 
USED. ADEQUATE FIRE PROTECTION MUST BE PROVIDED. MINIMUM PERSONAL PROTE 
CTIVE 
EQUIPMENT SHOULD BE LEVEL B: FIRE RETARDANT PROTECTIVE CLOTHING, GLOVES 
RESISTANT TO TEARS AND SELF CONTAINED BREATHING APPARATUS. USE NON-
SPARKING 



TOOLS AND (CONTD. SEE "WASTE DISPOSAL)) 
Waste Disposal Methods: WASTE DISPOSAL MUST BE IN ACCORDANCE WITH 
APPROPRIATE 
FEDERAL, STATE, AND LOCAL REGULTIONS. RETURN CYLINDERS WITH ANY RESIDUAL 
PRODUCT TO AIRGAS INC. DO NOT DISPOSE OF LOCALLY. (CONTD. FROM "SPILL REL 
EASE") EQUIPMENT. IF NOT ABLE TO STOP RELEASE, ALLOW GAS TO RELEASE IN 
PLACE 
OR REMOVE TO A SAFE ARE A AND ALLOW GAS TO RELEASE. 
Handling And Storage Precautions: STORE IN COOL(,< 125F), DRY, 
WELL-VENTILATED AREA AWAY FROM SOURCES OF HEAT, IGNITION, DIRECT SUNLIGHT. 
COMPRESSED GASES PRESENT SAFETY HAZARD. STORE AWAY FROM OXIDIZERS, OXIGEN, 
CHLORINE, FLUORINE, H EAVILY TRAFFICKED AREAS, EMERGENCY EXITS. POST "NO 
SMOKING OR NO OPEN FLAMES " SIGNS. 
Other Precautions: ELECTRICAL EQUIPMENT SHOULD BE NON-SPARKING. MOVE 
CYLINDERS 
WITH HAND TRUCK. DO NOT DRAG, ROLL, DROP, STRIKE EACH OTHER. SECURE 
FIRMLY. 
DO NOT HEAT CYLINDER OR USE OILS OR GREASE ON GAS-HANDLING FITTI NGS OR 
EQUIPMENT. USE DESIGNATED CGA FITTINGS. DO NOT USE ADAPTERS. USE CHECK 
VALVE 
OR TRAP IN DISCH ARGE LINE. 
======================================================= 
Fire and Explosion Hazard Information  
======================================================= 
Flash Point Method: CC 
Flash Point: <-10.C, 14.F 
Autoignition Temp: =465.C, 869.F 
Lower Limits: 1.8 
Upper Limits: 9.6 
Extinguishing Media: EXTINGUISH ISOBUTYLENE FIRES BY SHUTTING OFF THE 
SOURCE OF 
THE GAS. USE WATER SPRAY OR A FOAM AGENT TO COOL FIRE-EXPOSED CONTAINERS, 
STRUCTURES AND EQUIPMENT. 
Fire Fighting Procedures: STRUCTURAL FIREFIGHTERS MUST WEAR SELF-CONTAINED 
BREATHING APPARATUS AND FULL PROTECTIVE EQUIPMENT. THE BEST FIRE-FIGHTING 
TECHNIQUE MAY BE SIMPLY TO LET THE BURNING GAS ESCAPE FROM THE PRESSURIZED 
CY 
LINDER, TANK CAR, OR PIPELINE. STOP THE LEAK BEFORE EXTINGUISHING FIRE. 
LEAKING GAS  COULD EXPLOSIVELY RE-IGNITE. 
Unusual Fire/Explosion Hazard: WHEN INVOLVED IN A FIRE, THIS MATERIAL MAY 
IGNITE AND PRODUCE TOXIC GASES, INCLUDING CARBON MONOXIDE AND CARBON 
DIOXIDE. 
======================================================= 
Control Measures  
======================================================= 
Respiratory Protection: MAINTAIN OXYGEN LEVELS ABOVE 19.5% IN THE 
WORKPLACE. USE SUPPLIED AIR RESPIRATORY PROTECTION IF OXYGEN LEVELS ARE 
BELOW 19.5% OR DURING EMERGENCY RESPONSE TO A RELEASE OF ISOUTYLENE. IF 
RESPIRATORY PROTECTION IS REQUIRED, FOLLOW THE REQUIREMENTS OF THE FEDERAL 
OSHA RESPIRATORY STANDARD (29 CFR 1910.134) OR EQUIVALENT STATE STANDARDS. 
Ventilation: USE ADEQUATE VENTILATION. LOCAL EXHAUST VENTILATION IS 
PERFERRED, BECAUSE IT PREVENTS ISOBUTYLENE DISPERSION INTO THE WORKPLACE 
BY EMLIMINATING IT AT THE SOURCE 
Protective Gloves: RESISTANT TO TEARS. USE LOW-TEMPERATURE PROTECTIVE 
GLOVED (E.G., KEVLAR) 
Eye Protection: SPLASH GOGGLES OR SAFETY GLASSES. 



Other Protective Equipment: USE BODY PROTECTION . TRANSFER OF LARGE 
QUANTITIES UNDER PRESSURE MAY REQUIRE PROTECTIVE EQUIPMET TO PROTECT FROM 
SPLASHES OF LIQUIDFIED PRODUCT AS WELL AS FIRE RETARANAT ITEMS. 
Work Hygienic Practices: AS WITH ALL CHEMICALS, AVOID GETTING ISOBUTYLENE 
IN YOU. DO NOT EAT OR DIRNK WHILE HANDLING CHEMICALS. BEWARE OF ANY SIGNS 
OF DIZZINESS OR FATIGUE; EXPOSURES TO FATAL CONCENTRATIONS OF ISOBUTYLENE 
COULD OCCUR WITHOUT ANY SIGNIFICANT WARNING SYMPTOMS. 
Supplemental Safety and Health: (CONTD. FROM FIRST AID)  DO NOT USE HOT 
WATER. IF WARM WATER  NOT AVAILABLE, OR IMPRACTICAL TO USE, WRAP  AFFECTED 
PARTS GENTLY IN BLANKETS. (SEE OTHER INFORMATION) 
======================================================= 
Physical/Chemical Properties  
======================================================= 
HCC: G2 
Boiling Point: =-6.9C, 19.6F 
Melt/Freeze Pt: =-140.C, -220.F 
Vapor Pres: 39 PSIA 
Vapor Density: 0.15LB/FT3 
Spec Gravity: 1.997 
pH: NA 
Solubility in Water: INSOLUBLE 
Appearance and Odor: COLORLESS LIQUID/ GAS WITH THE UNPLEASANT ODOR OF 
BURNING COAL. 
======================================================= 
Reactivity Data  
======================================================= 
Stability Indicator: YES 
Stability Condition To Avoid: CONTACT WITH INCOMPATIBLE MATERIALS AND 
EXPOSURE TO HEAT, SPARKS, AND ORTHER SOURCES OF IGNITION. CYLINDERS 
EXPOSED TO HIGH TEMPERATURES OR DIRECT FLAME CAN RUPTURE OR BURST. 
Materials To Avoid: STRONG OXIDIZERS (E.G., CHLORINE, BROMINE 
PENTAFLUORIDE, OXYGEN, OXYGEN DIFLUORIDE, AND NITROGEN TRIFLUORIDE). 
Hazardous Decomposition Products: WHEN IGNITED IN THE PRESENCE OF OXYGEN, 
THIS GAS WILL BURN TO PRODUCE CARBON MONOXIDE AND CARBON DIOXIDE. 
Hazardous Polymerization Indicator: NO 
Conditions To Avoid Polymerization: WILL NOT OCCUR. 
======================================================= 
Toxicological Information  
======================================================= 
Toxicological Information: LC50 (RAT, INHALATION): 620 G/M3/ 4 HOURS; LC50 
(MOUSE, INHALATION): 415 G/M3/ 2 HOUR. ISOBUTYLENE IS NOT FOUND ON FEDERAL 
OSHA Z LIST, NTP, IARC, CAL/OSHA, AND THEREFORE IS NEITHER CONSIDERED TO 
BE NOR SUSPECTED TO BE A CANCER-CAUSING AGENT BY THESE AGENCIES. PRODUCT 
MAY BE MILDLY IRRITATING TO THE MUCOUS MEMBRANES. IN ADDITION, CONTACT 
WITH RAPIDLY EXPANDING GASES CAN CAUSE FROSTBITE TO EXPOSED  TISSUE. 
ISOBUTYLENE IS NOT KNOWN TO CAUSE SENSITIZATION IN HUMANS. NO MUTAGENIC 
EFFECTS, NO EMBRYOTOXIC EFFECTS, NO TERATOGENIC EFFECTS, NO REPRODUCTIVE 
TOXICITY EFFECTS HAVE BEEN DESCRIBED FOR BUTYLE NE. 
 
======================================================= 
Ecological Information  
======================================================= 
Ecological: ENVIRONMENTAL STABILITY: THIS GAS WILL BE DISSIPATED RAPIDLY 
IN WELL-VENTILATED AREAS. EFFECTS OF MATERIAL ON PLANTS OR ANIMALS: ANY 
ADVERSE EFFECT ON ANIMALS WOULD BE RELATED TO OXYGEN-DEFICIENT ENVI 
RONMENTS. NO ADVERSE EFFECT IS ANTICIPATED TO OCCUR TO PLANT LIFE, EXCEPT 
FOR FROST PRODUCED IN THE PRESENCE OF RAPIDLY EXPANDING GASES. EFFECT OF 



CHEMICAL ON AQUATIC LIFE: NO EVIDENCE IS CURRENTLY AV AILABLE ON THE 
EFFECTS OF ISOBUTYLENE ON AQUATIC LIFE. 
======================================================= 
MSDS Transport Information  
======================================================= 
Transport Information: THIS MATERIAL IS HAZARDOUS AS DEFINED BY 49 CFR 
172.101 BY THE U.S. DEPARTMENT OF TRANSPORTATION. PROPER SHIPPING NAME: 
ISOBUTYLENE; CLASS: 2.1 (FLAMMABLE GAS); UN 1055; PKG: N/A; DOT LABELS 
REQUIRED: FLAMMABLE GAS; NORTH AMERICAN EMERGENCY RESPONSE GUIDEBOOK 
NUMBER (1996): 115. ALTERNATE DESCRIPTION: PSN: PETROLEUM GASES, 
LIQUIDFIED; CLASS: 2.1 (FLAMMABLE GAS); UN 1075; PKG N/A; DOT LABEL 
REQUIRE D: FLAMMABLE GAS; NORTH AMERICAN EMERGENCY GUIDEBOOK NUMBER: 115; 
MARINE POLLUTANT: ISOBUTYLENE IS NOT CLASSIFIED BY THE DOT AS A MARINE 
POLLUTANT ( AS DEFINED BY 49 CFR 172.101, APPENDIX B). CANADA:   SAME AS 
ABOVE. 
======================================================= 
Regulatory Information  
======================================================= 
Sara Title III Information: ISOBUTYLENE IS NOT SUBJECT TO THE REPORTING 
REQUIREMENTS OF SECTION 302, 304, AND 313 OF TITLE I I I OF THE SUPERFUND 
AMENDMENTS AND REAUTHORIZATION ACT. U.S. SARA THRESHOLD PLANNING QUANTITY: 
N/A. U. S. CERCLA REPORTABLE QUANTITY (RQ): NOT APPLICIABLE.ING RE 
Federal Regulatory Information: ISOBUTYLENE IS LISTED ON THE U.S. TSCA 
INVENTORY. ISOBUTYLENE IS SUBJECT TO REPORTING REQUIREMENTS OF SECTION 
112(R) OF THE CLEAN AIR ACT. THRESHOLD QUANTITY FOR THIS GAS IS 10,000 LB. 
DEPENDING ON SP ECIFIC OPERATIONS INVOLVING USE OF ISOBUTYLENE, 
REGULATIONS OF THE PROCESS SAFETY MANAGEMENT OF HIGHLY HAZARDOUS CHEMICALS 
MAY BE APPLICABLE (29 CFR 1910.119) UNDER THIS REGULATION ISOBUTYLENE IS 
NOT  LISTED IN APPENDIX A; HOWEVER, ANY PROCESS THAT INVOLVES A FLAMMABLE 
GAS ON-SITE, IN ONE LOCATION, IN QUANTITIES OF 10,000 LB (4,553 KG) OR 
GREATER IS COVERED UNDER THIS REGULATION UNLESS IT IS USED AS A FUEL. 
State Regulatory Information: CALIFORNIA SAFE DRINKING WATER AND TOXIC 
ENFORCEMENT ACT (PROPOSITION 65): ISOBUTYLENE IS NOT ON THE CALIFORNIA 
PROPOSITION 65 LISTS. PRODUCT COVERED UNDER FOLLOWING STATE REGULATIONS: 
AK: DESIGNATED  TOXIC AND HAZARDOUS SUBSTANCES. CA: PERMISSIBLE EXPOSURE 
LIMITS FOR CHEMICAL CONTAMINANTS; FL: SUBSTANCE LIST; MA: SUBSTANCE LIAT; 
MN: LIST OF HAZARDOUS SUBSTANCES; NJ: RIGHT TO KNOW HAZARDOUS SUBSTANCE  
LIST; PA: HAZARDOUS SUBSTANCE LIST; RI: HAZARDOUS SUBSTANCE LIST; TX: 
HAZARDOUS SUBSTANCE LIST: WV:  HAZARDOUS SUBSTANCE LIST; WI: TOXIC AND 
HAZARDOUS SUBSTANCES. 
======================================================= 
Other Information  
======================================================= 
Other Information: (CONTD. FROM FIRST AID) DO NOT USE HOT WATER. IF WARM 
WATER NOT AVAILABLE, WRAP AFFECTED PARTS IN BLANKETS. ALTERNATIVELY, IF 
FINGERS OR HANDS ARE FORTBITTEN, PLACE IN ARMPIT. HAVE VICTIM GENTLY EXERC 
ISE AFFECTED PARTS WHILE BEING WARMED. SEEK MEDICAL ATTENTION.  TAKE COPY 
OF LABEL AND MSDS TO PHYSICIAN  WITH VICTIM. NFPA RATING: HEALTH: 1; 
FLAMMIBILITY: 4; REACTIVITY: 0.  RATINGS: HEALTH: 1;  FLAMMABILITY: 4; 
REACTIVITY: 0; PROTECTIVE EQUIPMENT: B. CANADIAN W SYMBOLS: CLASS A: 
COMPRESSED GAS; CLASS B1: FLAMMABLE GAS. 
 
======================================================= 
Transportation Information  
======================================================= 
Responsible Party Cage: UO451 
Trans ID NO: 156921 



Product ID: ISOBUTYLENE-C4H8 
MSDS Prepared Date: 01/16/1998 
Review Date: 05/14/2001 
MFN: 1 
Multiple KIT Number: 0 
Unit Of Issue: EA 
Container QTY: 1 
Type Of Container: CYLINDER 
Additional Data: TRANSPORTATION DATA PER MANUFACTURER'S MSDS. 
======================================================= 
Detail DOT Information  
======================================================= 
DOT PSN Code: HTR 
DOT Proper Shipping Name: ISOBUTYLENE 
DOT PSN Modifier: SEE ALSO PETROLEUM GASES, LIQUEFIED 
Hazard Class: 2.1 
UN ID Num: UN1055 
Label: FLAMMABLE GAS 
Special Provision: 19 
Packaging Exception: 306 
Non Bulk Pack: 304 
Bulk Pack: 314,315 
Max Qty Pass: FORBIDDEN 
Max Qty Cargo: 150 KG 
Vessel Stow Req: E 
Water/Ship/Other Req: 40 
======================================================= 
Detail IMO Information  
======================================================= 
IMO PSN Code: IRQ 
IMO Proper Shipping Name: ISOBUTYLENE 
IMDG Page Number: 2147 
UN Number: 1055 
UN Hazard Class: 2(2.1) 
IMO Packaging Group: - 
Subsidiary Risk Label: - 
EMS Number: 2-07 
MED First Aid Guide NUM: 310 
======================================================= 
Detail IATA Information  
======================================================= 
IATA PSN Code: OHI 
IATA UN ID Num: 1055 
IATA Proper Shipping Name: ISOBUTYLENE 
IATA UN Class: 2.1 
IATA Label: FLAMMABLE GAS 
Packing Note Passenger: FORB 
Max Quant Pass: FORB 
Max Quant Cargo: 150KG 
Packaging Note Cargo: 200 
Exceptions: A1 
======================================================= 
Detail AFI Information  
======================================================= 
AFI PSN Code: OHI 
AFI Proper Shipping Name: ISOBUTYLENE 
AFI Hazard Class: 2.1 



AFI UN ID NUM: UN1055 
Special Provisions: P4 
Back Pack Reference: A6.3, A6.5 
 
======================================================= 
HAZCOM Label  
======================================================= 
Product ID: ISOBUTYLENE-C4H8 
Cage: UO451 
Assigned IND: Y 
Company Name: AIRGAS INC 
Street: 259 RADNOR-CHESTER RD SUITE 100 
City: RADNOR PA 
Zipcode: 19087-5240 
Health Emergency Phone: (800)424-9300 
Label Required IND: Y 
Date Of Label Review: 05/14/2001 
Status Code: A 
Label Date: 05/14/2001 
Origination Code: F 
Eye Protection IND: YES 
Skin Protection IND: YES 
Signal Word: DANGER 
Respiratory Protection IND: YES 
Health Hazard: Moderate 
Contact Hazard: Moderate 
Fire Hazard: Severe 
Reactivity Hazard: None 
Hazard And Precautions: FLAMMABLE LIQUID AND GAS UNDER PRESSURE. CAN FORM 
EXPLOSIVE MIXTURES WITH AIR. MAY CAUSE FROSTBITE. KEEP AWAY FROM HEAT 
(<125F), FLAMES, AND SPARKS. STORE AND USE WITH ADEQUATE VENTILATION. MOST 
SIGNIFICANT HAZARD IS OXYGEN-DEFICIENT ATOMSPHERES. 
======================================================= 
Disclaimer (provided with this information by the compiling agencies): 
This information is formulated for use by elements of the Department of 
Defense. The United States of America in no manner whatsoever expressly or 
implied warrants, states, or intends said information to have any 
application, use or viability by or to any person or persons outside the 
Department of Defense nor any person or persons contracting with any 
instrumentality of the United States of America and disclaims all 
liability for such use. Any person utilizing this instruction who is not a 
military or civilian employee of the United States of America should seek 
competent professional advice to verify and assume responsibility for the 
suitability of this information to their particular situation regardless 
of similarity to a corresponding Department of Defense or other government 
situation. 



HCL/ MURIATIC ACID 
 

OLIN CORPORATION               -- HCL (MURIATIC 
ACID), CPE298002 

======================================================= 
MSDS Safety Information  
======================================================= 
FSC: 6810 
NIIN: 00-045-8918 
MSDS Date: 03/28/1997 
MSDS Num: CHVMT 
Product ID: HCL (MURIATIC ACID), CPE298002 
MFN: 02 
Responsible Party 
Cage: 99530 
Name: OLIN CORPORATION 
Address: 501 MERRITT 7 
Box: 4500 
City: NORWALK CT 06856-4500 
Info Phone Number: 203-356-3449 
Emergency Phone Number: 800-OLIN-911(1-800-654-6911) 
Published: Y 
======================================================= 
Contractor Summary  
======================================================= 
Cage: 99530 
Name: OLIN CORPORATION 
Address: 501 MERRITT 7 
Box: 4500 
City: NORWALK CT 06856-4500 
Phone: 203-750-3000/800-511-MSDS 
======================================================= 
Item Description Information  
======================================================= 
======================================================= 
Ingredients  
======================================================= 
Cas: 7647-01-0 
RTECS #: MW4025000 
Name: HYDROCHLORIC ACID (SARA 302/313) (CERCLA) 
% Wt: 8-38 
OSHA PEL: C 5 PPM 
ACGIH TLV: C 5 PPM 
EPA Rpt Qty: 5000 LBS 
DOT Rpt Qty: 5000 LBS 
------------------------------ 
Cas: 7732-18-5 
Name: WATER 
% Wt: 62-93 
OSHA PEL: N/K (FP N) 
ACGIH TLV: N/K (FP N) 
------------------------------ 
Name: SUP DAT: OCCUR TO ENTIRE GI TRACT, INCL STOM & INTESTINES, 
CHARACTERIZED BY NAUS, VOMIT, DIARR, ABDOM PAIN,  
----------------------------- 



Name: ING 3: BLEEDING, &/TISS ULCERATION. INGEST CAUSES SEVERE DAMAGE TO 
GI TRACT W/POTENTIAL TO CAUSE PERFORATION.  
----------------------------- 
Name: ING 4: CHRONIC: INHAL: RPTD/PRLNG EXPOS TO CONCS >ACCEPTED OCCUP 
LIMS MAY CAUSE DENTAL DISCOLORATION & EROSION  
----------------------------- 
Name: ING 5: OF TEETH. SKIN: RPTD CONT W/MIST HAS BEEN REPORTED TO CAUSE 
CONT DERM (SKIN RASH). PRLNG/RPT EXPOS W/LIQ  
----------------------------- 
Name: ING 6: MAY CAUSE PERM DMG. INGEST: INGEST OF SIGNIFICANT AMTS IS 
UNLIKELY BECAUSE OF ITS ACUTE CORR ACTION. 
 
----------------------------- 
Name: FIRST AID PROC: INHAL: IF PERS EXPERIENCES NAUS, HDCH/DIZZ, PERS 
SHOULD STOP WORK IMMED & MOVE TO FRESH AIR  
----------------------------- 
Name: ING 8: UNTIL THESE SYMPS DISAPPEAR. IF BRTHG IS DFCLT, ADMIN OXYGEN, 
KEEP PERS WARM & AT REST. CALL MD. IN THE  
----------------------------- 
Name: ING 9: EVENT THAT INDIVIDUAL INHALES ENOµGH VAP TO LOSE 
CONSCIOUSNESS, 
PERS SHOULD BE MOVED TO FRESH AIR AT ONCE 
----------------------------- 
Name: ING 10: & MD SHOULD BE CALLED IMMED. IF BRTHG HAS STOPPED, ARTF RESP 
SHOULD BE GIVEN IMMED. IN ALL CASES, ENSURE 
----------------------------- 
Name: ING 11: ADEQUATE VENTILATION AND PROVIDE RESPIRATORY PROTECTION 
BEFORE THE PERSON RETURNS TO WORK. 
----------------------------- 
Name: SPILL PROC: REQS. HAZ CONCS IN AIR MAY BE FOUND IN LOC SPILL AREA & 
IMMED DOWNWIND. AIR RELEASE. VAPS MAY BE  
----------------------------- 
Name: ING 13: SUPPRESSED BY USE OF WATER FOG/VAP SUPPRESSANT FOAM. DIKE & 
CONTAIN ALL RUN-OFF WATER FOR TREATMENT AS  
----------------------------- 
Name: ING 14: HAZ WASTE. WATER RELEASE: THIS MATL IS HVR/AIR & SOL IN 
WATER. CONTAIN CONTAM WATER BY BLDG A DIKE OF  
----------------------------- 
Name: ING 15: COMPATIBLE ABSORBS. VACUUM/PUMP MATL TO NEUT CONTR & TREAT. 
LAND SPILL: COMPATIBLE ABSORBS: SAND, CLAY  
----------------------------- 
Name: ING 16: SOIL & COMMERCIAL ABSORBS. SPILL RESIDUERS: DISP OF PER 
GUIDELINES UNDER WASTE DISP. THIS MATL MAY BE  
----------------------------- 
Name: ING 17: NEUT FOR DISP; YOU ARE REQUESTED TO CONT OCEAN AT 800-OLIN-
911 
BEFORE BEGINNNING ANY SUCH OPERATION. 
======================================================= 
Health Hazards Data  
======================================================= 
LD50 LC50 Mixture: NONE SPECIFIED BY MANUFACTURER. 
Route Of Entry Inds - Inhalation: YES 
Skin: YES 
Ingestion: YES 
Carcinogenicity Inds - NTP: NO 
IARC: NO 
OSHA: NO 



Effects of Exposure: ACUTE: INHAL: MIST/VAP/HYDROGEN CHLORINE GAS MAY 
CAUSE IRRIT OF MUC MEMB & RESP TRACT W/SYMPS OF BURNING, CHOKING * 
COµGHING. AT EXPOS CONCS >TLV, DMG MAY OCCUR TO MUC MEMB (ULCERATIONS OF 
NOSE & THRO AT) & RESP TRACT. AT THESE HIGH CONCS, SEV BRTHG DFCLTYS MAY 
OCCUR WHICH MAY BE DELAYED IN ONSET & MAY (EFTS OF OVEREXP)  
Explanation Of Carcinogenicity: NOT RELEVANT. 
Signs And Symptoms Of Overexposure: HLTH HAZ: BE DUE TO PULM EDEMA (FLUID 
IN LUNG) /LARYNGEAL EDEMA/SPASM. SKIN: HYDROFLUORIC ACID MIST MAY RAPIDLY 
CAUSE SKIN INFLAMM & BURNS. DIRECT CONT OF LIQ WILL BE CORR TO SKIN & CAN 
CAUSE SEV IRRI T &/BURNS CHARACTERIZED BY REDNESS, SWELL & SCAB FORM. 
POTENTIAL FOR SCARRING & ULCERATION OF CONTACTED TISS (SUP DAT) 
Medical Cond Aggravated By Exposure: RESPIRATORY AND CARDIOVASCULAR 
DISEASE. 
First Aid: EYES: IMMED FLUSH W/LGE AMTS OF WATER FOR AT LEAST 15 MIN, 
OCCAS LIFTING UPPER & LOWER EYELIDS. CALL MD AT ONCE. SKIN: IMMED FLUSH 
W/WATER FOR AT LEAST 15 MIN. CALL MD. IF CLTHG COMES IN CONT W/PROD, IT 
SHOULD BE REMOVED IMMED & LAUNDERED BEFORE REUSE. INGEST: IMMED DRINK LGE 
QTYS OF WATER. DO NOT INDUCE VOMIT. CALL MD AT ONCE. DO NOT GIVE ANYTHING 
BY MOUTH IF PERS IS UNCON/HAVING CONVLS. 
 
======================================================= 
Handling and Disposal 
======================================================= 
Spill Release Procedures: FOR ALL TRANSPORTATION ACCIDENTS, CALL CHEMTREC 
AT 800-424-9300. REPORTABLE QUANTITY: THIS PROD IS SUBJECT TO REPORTABLE 
QTY W/RESPECT TO HYDROFLUORIC ACID. RQ'S ARE SUBJECT TO CHANGE & REFERENCE 
SHOULD BE MADE TO 40 CFR 302.4 FOR CURRENT  
Neutralizing Agent: NONE SPECIFIED BY MANUFACTURER. 
Waste Disposal Methods: CARE MUST BE TAKEN TO PVNT ENVIRON CONTAM FROM USE 
OF MATL. THE USER HAS THE RESPONSIBILITY TO DISP OF UNUSED MATL, RESIDUES 
& CONTRS IN COMPLIANCE W/ALL RELEVANT LOC, STATE & FED LAWS & REGS 
REGARDING TREATMENT, STOR & DISP FOR HAZ & NON HAZ WASTES 
Handling And Storage Precautions: DO NOT TAKE INTERNALLY. AVOID CONT 
W/SKIN, EYES & CLTHG. AVOID BRTHG MIST/VAP. STORE IN COOL, CLEAN, WELL-
VENTED AREA. DO NOT STORE >100F (>38C). 
Other Precautions: DO NOT EXPOSE TO DIRECT LIGHT. SHELF LIFE LIMITATIONS: 
1 YEAR. GLASS/POLYETHYLENE CONTRS REC. WHEN SHIPPED W/OXIDIZERS, MUST BE 
SEPARATED BY 18 INCHES, W/WOOD PALLETS & ABSORB MATL IN BETWEEN. 
======================================================= 
Fire and Explosion Hazard Information  
======================================================= 
Extinguishing Media: ON SMALL FIRES, USE DRY CHEMICAL OR CARBON DIOXIDE. 
ON LARGE FIRE, USE WATER. 
Fire Fighting Procedures: WEAR NIOSH APPROVED SCBA & FULL PROTECTIVE 
EQUIPMENT (FP N). USE WATER TO COOL CONTAINERS EXPOSED TO FIRE. 
Unusual Fire/Explosion Hazard: NOT COMBUSTIBLE BUT CONTACT WITH COMMON 
METALS PRODUCES FLAMMABLE HYDROGEN GAS. MAY ALSO RELEASE CHLORINE GAS BY 
REACTION WITH OXIDIZING AGENTS. 
======================================================= 
Control Measures  
======================================================= 
Respiratory Protection: NONE SPECIFIED BY MANUFACTURER.ALLY REQUIRED. IF 
VAPORS, MISTS, OR AEROSOLS ARE GENERATED, WEAR A NIOSH APPROVED FULL 
FACEPIECE, EQUIPPED WITH CHEMICAL CARTRIDGES APPROVED FOR HYDROGEN 
CHLORIDE. 
Ventilation: N/R EXHST VENT IS REC IF VAPS, MIST/AEROSOLS ARE 
GENERATED.OTHERWISE, USE GOOD GENERAL ROOM VENTILATION. 



Protective Gloves: NEOPRENE GLOVES. 
Eye Protection: ANSI APRV CHEM SFTY GOGGS&FFACE SHLD(FPN 
Other Protective Equipment: ANSI APPRVD EMER EYEWASH & DELµGE SHOWER (FP N). 
BOOTS, APRON.FULL IMPERMEABLE SUIT REC IF EXPOS TO LGE PORTION OF BODY. 
Work Hygienic Practices: UPON CONTACT WITH SKIN OR EYES, WASH OFF WITH 
WATER. 
Supplemental Safety and Health: MATLS TO AVOID: METALLIC OXIDES, 
MAGNESIUM, OLEUM, PERCHLORIC ACID, ZINC. EFTS OF OVEREXP: ALSO EXISTS. 
EYE: EXPOS TO MIST MAY RSLT IN IRRIT &/SEV BURNS W/PERM DMG & POSS LOSS OF 
SIGHT. DIRECT CONT W/ LIQ WILL BE CORR TO EYE W/RSLTG SEV BURNS, POTENTIAL 
VISUAL IMPAIRMENT/LOSS OF SIGHT. INGEST: IRRIT &/BURNS CAN  
======================================================= 
Physical/Chemical Properties  
======================================================= 
B.P. Text: >212F,100C 
M.P/F.P Text: -101F,-74C 
Vapor Pres: <210 @ 20C 
Vapor Density: 1.3 
Spec Gravity: 1.035-1.188 
pH: <1 
Evaporation Rate & Reference: APPROX 1 (WATER=1) 
Solubility in Water: COMPLETE 
Appearance and Odor: CLEAR, COLORLESS LIQUID; PUNGENT, SUFFOCATING ODOR 
Percent Volatiles by Volume: 100 
======================================================= 
Reactivity Data  
======================================================= 
Stability Indicator: YES 
Stability Condition To Avoid: HEAT, EXPOSURE TO SUNLIGHT. 
Materials To Avoid: ALKALINE MATLS, ALUMINUM, AMINES, CARBONATES, IRON, 
SULFURIC ACID, HYDROXIDES, LEATHER & OTHER FABRICS, (SUP DAT) 
Hazardous Decomposition Products: FLAMM HYDROGEN GAS BY REACTION W/MANY 
METALS 
(E.G. ALUMINUM). CHLORINE GAS IS RELEASED BY REACTION W/OXIDIZING AGENTS. 
Hazardous Polymerization Indicator: NO 
Conditions To Avoid Polymerization: NOT RELEVANT. 
======================================================= 
Toxicological Information  
======================================================= 
======================================================= 
Ecological Information  
======================================================= 
======================================================= 
MSDS Transport Information  
======================================================= 
======================================================= 
Regulatory Information  
======================================================= 
======================================================= 
Other Information  
======================================================= 
======================================================= 
HAZCOM Label  
======================================================= 
Product ID: HCL (MURIATIC ACID), CPE298002 
Cage: 99530 
Company Name: OLIN CORPORATION 



Street: 501 MERRITT 7 
PO Box: 4500 
City: NORWALK CT 
Zipcode: 06856-4500 
Health Emergency Phone: 800-OLIN-911; (1-800-654-6911) 
Label Required IND: Y 
Date Of Label Review: 06/23/1998 
Status Code: C 
Label Date: 06/23/1998 
Origination  
Chronic Hazard IND: Y 
Eye Protection IND: YES 
Skin Protection IND: YES 
Signal Word: DANGER 
Respiratory Protection IND: YES 
Health Hazard: Slight 
Contact Hazard: Severe 
Fire Hazard: None 
Reactivity Hazard: None 
Hazard And Precautions: ACUTE: INHAL: MIST/VAP/HCL GAS MAY CAUSE IRRIT OF 
MUCOUS MEMB & RESP TRACT W/BURN SYMPS, CHOKE & COµGH. AT EXPOS >TLV, MAY 
DMG MUC MEMB & RESP TRACT. AT HIGH CONC, SEV BRTHG DFCLTYS WHICH MAY BE 
DELAY ED IN ONSET & BE DUE TO PULM EDEMA, LARYNGEAL EDEMA/SPASM. SKIN: HCL 
ACID MIST MAY CAUSE INFLAM & BURNS. DIRECT CONT OF LIQ IS CORR CAUSING SEV 
IRRIT &/BURNS & ULCER OF CONTACTED TISS. EYE: EXPOS TO M IST MAY CAUSE 
IRRIT &/SEV BURNS W/PERM DMG & POSS SIGHT LOSS. INGEST: IRRIT &/BURNS CAN 
OCCUR TO GI TRACT. CHRONIC: RPTD/PRLNG EXPOS TO HI CONC MAY CAUSE DENTAL 
DISCOLOR & EROSION. SKIN: DERM. PERM DM G. INGEST: INLIKELY BECAUSE OR 
ACUTE CORR ACTION. 
 
======================================================= 
Disclaimer (provided with this information by the compiling agencies): 
This information is formulated for use by elements of the Department of 
Defense. The United States of America in no manner whatsoever expressly or 
implied warrants, states, or intends said information to have any 
application, use or viability by or to any person or persons outside the 
Department of Defense nor any person or persons contracting with any 
instrumentality of the United States of America and disclaims all 
liability for such use. Any person utilizing this instruction who is not a 
military or civilian employee of the United States of America should seek 
competent professional advice to verify and assume responsibility for the 
suitability of this information to their particular situation regardless 
of similarity to a corresponding Department of Defense or other government 
situation. 



 

SULFURIC ACID, < 10%  
MSDS Number: S8236 * * * * * Effective Date: 05/08/03 * * * * * 

Supercedes: 09/14/00 
 

1. Product Identification 
Synonyms: Sulfuric acid solution; Sulfuric Acid Volumetric Solutions 2.0 Normal 
and below  
CAS No.: 7664-93-9  
Molecular Weight: 98.07  
Chemical Formula: H2SO4 in H2O  
Product Codes:  
J.T. Baker: 4699, 4703, 4704, 5640, 5641, 5642, 5690, 5692, 5693, 5694  
Mallinckrodt: 6843, 7610, H366, H372, H381, H389, H392, H641  

 

2. Composition/Information on Ingredients 
Ingredient                                CAS No         Percent        
Hazardous                                   
-------------------------------   ------------   ------------   ---------    
Sulfuric Acid                             7664-93-9        0.1 - 10%       
Yes                                                                     
Water                                     7732-18-5        90 - 99%        
No                                                                     
 

3. Hazards Identification 
Emergency Overview  
--------------------------  
DANGER! CORROSIVE. LIQUID AND MIST CAUSE SEVERE BURNS TO 
ALL BODY TISSUE. MAY BE FATAL IF SWALLOWED OR CONTACTED 
WITH SKIN. HARMFUL IF INHALED. AFFECTS TEETH. CANCER 
HAZARD. STRONG INORGANIC ACID MISTS CONTAINING SULFURIC 
ACID CAN CAUSE CANCER. Risk of cancer depends on duration and level of 
exposure.  
J.T. Baker SAF-T-DATA(tm) Ratings (Provided here for your convenience)  
-------------------------------------------------------------------------------------------------------  
Health Rating: 2 - Moderate  
Flammability Rating: 0 - None  
Reactivity Rating: 1 - Slight  
Contact Rating: 3 - Severe (Corrosive)  
Lab Protective Equip: GOGGLES & SHIELD; LAB COAT & APRON; VENT 
HOOD; PROPER GLOVES  
Storage Color Code: White (Corrosive)  



------------------------------------------------------------------------------------------------------- 
Potential Health Effects  
----------------------------------  
Inhalation:  
Corrosive. Effects should be less severe than from exposure to higher concentrations 
of sulfuric acid. Symptoms may include irritation of the nose and throat, labored 
breathing, as well as lung edema, damage to the mucous membranes and upper 
respiratory tract.  
Ingestion:  
Corrosive. Effects should be less severe than from exposure to higher concentrations 
of sulfuric acid. Symptoms may include severe burns of the mouth, throat, and 
stomach. Circulatory collapse with clammy skin, weak and rapid pulse, shallow 
respirations, and scanty urine may follow ingestion or skin contact. Circulatory shock 
is often the immediate cause of death. May cause sore throat, vomiting, diarrhea.  
Skin Contact:  
Corrosive. Effects should be less severe than from exposure to higher concentrations 
of sulfuric acid. Symptoms may include redness, pain, and burns to the skin. 
Circulatory collapse with clammy skin, weak and rapid pulse, shallow respirations, 
and scanty urine may follow ingestion or skin contact. Circulatory shock is often the 
immediate cause of death.  
Eye Contact:  
Corrosive. Effects should be less severe than from exposure to higher concentrations 
of sulfuric acid. Symptoms may include blurred vision, redness, pain, and burns to 
eye tissue. Concentrated solutions can cause blindness.  
Chronic Exposure:  
Long term exposure to mist or vapors may cause damage to teeth. Chronic exposure 
to mists containing sulfuric acid is a cancer hazard.  
Aggravation of Pre-existing Conditions:  
Persons with pre-existing skin disorders or eye problems or impaired respiratory 
function may be more susceptible to the effects of the substance.  

4. First Aid Measures 
First aid procedures given apply to concentrated solutions. Exposures to dilute 
solutions may not require these extensive first aid procedures.  
Inhalation:  
Remove to fresh air. If not breathing, give artificial respiration. If breathing is 
difficult, give oxygen. Call a physician immediately.  
Ingestion:  
DO NOT INDUCE VOMITING. Give large quantities of water. Never give anything 
by mouth to an unconscious person. Call a physician immediately.  
Skin Contact:  
In case of contact, immediately flush skin with plenty of water for at least 15 minutes 
while removing contaminated clothing and shoes. Wash clothing before reuse. Excess 
acid on skin can be neutralized with a 2% solution of bicarbonate of soda. Call a 
physician immediately.  
Eye Contact:  



Immediately flush eyes with gentle but large stream of water for at least 15 minutes, 
lifting lower and upper eyelids occasionally. Call a physician immediately.  

5. Fire Fighting Measures 
Fire:  
Not combustible, but substance is a strong oxidizer and its heat of reaction with 
reducing agents or combustibles may cause ignition.  
Explosion:  
Contact with most metals causes formation of flammable and explosive hydrogen gas.  
Fire Extinguishing Media:  
Dry chemical, foam, water or carbon dioxide. Concentrated solutions are water 
reactive.  
Special Information:  
In the event of a fire, wear full protective clothing and NIOSH-approved self-
contained breathing apparatus with full facepiece operated in the pressure demand or 
other positive pressure mode. Structural firefighter's protective clothing is ineffective 
for fires involving this material. Stay away from sealed containers.  

6. Accidental Release Measures 
Ventilate area of leak or spill. Wear appropriate personal protective equipment as 
specified in Section 8. Isolate hazard area. Keep unnecessary and unprotected 
personnel from entering. Contain and recover liquid when possible. Neutralize with 
alkaline material (soda ash, lime), then absorb with an inert material (e. g., 
vermiculite, dry sand, earth), and place in a chemical waste container. Do not use 
combustible materials, such as saw dust. Do not flush to sewer! US Regulations 
(CERCLA) require reporting spills and releases to soil, water and air in excess of 
reportable quantities. The toll free number for the US Coast Guard National Response 
Center is (800) 424-8802. 
 
J. T. Baker NEUTRASORB® or TEAM® 'Low Na+' acid neutralizers are 
recommended for spills of this product.  

7. Handling and Storage 
Store in a cool, dry, ventilated storage area with acid resistant floors and good 
drainage. Protect from physical damage. Keep out of direct sunlight and away from 
heat and incompatible materials. Do not wash out container and use it for other 
purposes. When diluting, always add the acid to water; never add water to the acid. 
When opening metal containers, use non-sparking tools because of the possibility of 
hydrogen gas being present. Protect from freezing. Containers of this material may be 
hazardous when empty since they retain product residues (vapors, liquid); observe all 
warnings and precautions listed for the product.  

 



8. Exposure Controls/Personal Protection 
Airborne Exposure Limits:  
For Sulfuric Acid:  
- OSHA Permissible Exposure Limit (PEL) - 
1 mg/m3 (TWA) 
- ACGIH Threshold Limit Value (TLV) - 
1 mg/m3(TWA), 3 mg/m3 (STEL), A2 - suspected human carcinogen for sulfuric 
acid contained in strong inorganic acid mists.  
Ventilation System:  
A system of local and/or general exhaust is recommended to keep employee 
exposures below the Airborne Exposure Limits. Local exhaust ventilation is generally 
preferred because it can control the emissions of the contaminant at its source, 
preventing dispersion of it into the general work area. Please refer to the ACGIH 
document, Industrial Ventilation, A Manual of Recommended Practices, most recent 
edition, for details.  
Personal Respirators (NIOSH Approved):  
If the exposure limit is exceeded and engineering controls are not feasible, a full 
facepiece respirator with an acid gas cartridge and particulate filter (NIOSH type 
N100 filter) may be worn up to 50 times the exposure limit, or the maximum use 
concentration specified by the appropriate regulatory agency or respirator supplier, 
whichever is lowest. If oil particles (e.g. lubricants, cutting fluids, glycerine, etc.) are 
present, use a NIOSH type R or P particulate filter. For emergencies or instances 
where the exposure levels are not known, use a full-facepiece positive-pressure, air-
supplied respirator. WARNING: Air purifying respirators do not protect workers in 
oxygen-deficient atmospheres. Where respirators are required, you must have a 
written program covering the basic requirements in the OSHA respirator standard. 
These include training, fit testing, medical approval, cleaning, maintenance, cartridge 
change schedules, etc. See 29CFR1910.134 for details.  
Skin Protection:  
Wear impervious protective clothing, including boots, gloves, lab coat, apron or 
coveralls, as appropriate, to prevent skin contact.  
Eye Protection:  
Use chemical safety goggles and/or a full face shield where splashing is possible. 
Maintain eye wash fountain and quick-drench facilities in work area.  

9. Physical and Chemical Properties 
Appearance:  
Clear, colorless solution.  
Odor:  
Odorless.  
Solubility:  
Miscible in water.  
Specific Gravity:  
ca. 1.0 (0.1%), 1.07 (10%)  



pH:  
1 N solution (ca. 5% w/w) = 0.3; 0.1 N solution (ca. 0.5% w/w) = 1.2; 0.01 N solution 
(ca. 0.05% w/w) = 2.1.  
% Volatiles by volume @ 21C (70F):  
> 95  
Boiling Point:  
No information found.  
Melting Point:  
3C (100%), -32C (93%), -38C (78%), -64C (65%).  
Vapor Density (Air=1):  
No information found.  
Vapor Pressure (mm Hg):  
No information found.  
Evaporation Rate (BuAc=1):  
No information found.  

10. Stability and Reactivity 
Stability:  
Stable under ordinary conditions of use and storage.  
Hazardous Decomposition Products:  
(The following information applies to concentrated solutions). Toxic fumes of oxides 
of sulfur when heated to decomposition. Will react with water or steam to produce 
toxic and corrosive fumes. Reacts with carbonates to generate carbon dioxide gas, and 
with cyanides and sulfides to form poisonous hydrogen cyanide and hydrogen sulfide 
respectively.  
Hazardous Polymerization:  
Will not occur.  
Incompatibilities:  
Potassium chlorate, potassium perchlorate, potassium permanganate, sodium, lithium, 
bases, organic material, halogens, metal acetylides, oxides and hydrides, metals 
(yields hydrogen gas), strong oxidizing and reducing agents and many other reactive 
substances.  
Conditions to Avoid:  
Heat, incompatibles.  

11. Toxicological Information 
Toxicological Data:  
Oral rat LD50: 2140 mg/kg; inhalation rat LC50: 510 mg/m3/2H; standard Draize, 
eye rabbit, 250 µg (severe); investigated as a tumorigen, mutagen, reproductive 
effector.  
Carcinogenicity:  
Cancer Status: The International Agency for Research on Cancer (IARC) has 
classified "strong inorganic acid mists containing sulfuric acid" as a known human 
carcinogen, (IARC category 1). This classification applies only to mists containing 
sulfuric acid and not to sulfuric acid or sulfuric acid solutions.  



--------\Cancer Lists\---------------------------------------------------- 
                                       ---NTP Carcinogen--- 
Ingredient                             Known    Anticipated    IARC 
Category 
------------------------------------   -----    -----------    ----------- 
Sulfuric Acid (7664-93-9)               No          No            None 
Water (7732-18-5)                       No          No            None 
 

12. Ecological Information 
Environmental Fate:  
When released into the soil, this material may leach into groundwater. When released 
into the air, this material may be removed from the atmosphere to a moderate extent 
by wet deposition. When released into the air, this material may be removed from the 
atmosphere to a moderate extent by dry deposition.  
Environmental Toxicity:  
LC50 Flounder 100 to 330 mg/l/48 hr aerated water/Conditions of bioassay not 
specified; LC50 Shrimp 80 to 90 mg/l/48 hr aerated water /Conditions of bioassay not 
specified; LC50 Prawn 42.5 ppm/48 hr salt water /Conditions of bioassay not 
specified. 
This material may be toxic to aquatic life.  

13. Disposal Considerations 
Whatever cannot be saved for recovery or recycling should be handled as hazardous 
waste and sent to a RCRA approved incinerator or disposed in a RCRA approved 
waste facility. Processing, use or contamination of this product may change the waste 
management options. State and local disposal regulations may differ from federal 
disposal regulations. Dispose of container and unused contents in accordance with 
federal, state and local requirements.  

14. Transport Information 
Domestic (Land, D.O.T.)  
-----------------------  
Proper Shipping Name: SULFURIC ACID (WITH NOT MORE THAN 51% 
ACID)  
Hazard Class: 8  
UN/NA: UN2796  
Packing Group: II  
Information reported for product/size: 20L  
 
International (Water, I.M.O.)  
-----------------------------  
Proper Shipping Name: SULPHURIC ACID (WITH NOT MORE THAN 51% 
ACID)  
Hazard Class: 8  



UN/NA: UN2796  
Packing Group: II  
Information reported for product/size: 20L  

15. Regulatory Information 
--------\Chemical Inventory Status - Part 1\------------------------------ 
Ingredient                                       TSCA  EC   Japan  
Australia 
---------------------------------------------  ----  ---  -----  --------- 
Sulfuric Acid (7664-93-9)                         Yes  Yes   Yes      Yes 
Water (7732-18-5)                                 Yes  Yes   Yes      Yes 
 
--------\Chemical Inventory Status - Part 2\------------------------------ 
                                                        --Canada-- 
Ingredient                                       Korea  DSL   NDSL  Phil. 
-----------------------------------------------  -----  ---   ----  ----- 
Sulfuric Acid (7664-93-9)                         Yes   Yes   No     Yes       
Water (7732-18-5)                                 Yes   Yes   No     Yes 
 
--------\Federal, State & International Regulations - Part 1\------------- 
                                           -SARA 302-    ------SARA 313--- 
Ingredient                                 RQ    TPQ     List  Chemical 
Catg. 
-----------------------------------------  ---   -----   ----  ----------- 
Sulfuric Acid (7664-93-9)                  1000  1000    Yes        No 
Water (7732-18-5)                          No    No      No         No 
 
--------\Federal, State & International Regulations - Part 2\------------- 
                                                      -RCRA-    -TSCA- 
Ingredient                                 CERCLA     261.33     8(d)  
-----------------------------------------  ------     ------    ------ 
Sulfuric Acid (7664-93-9)                  1000       No         No     
Water (7732-18-5)                          No         No         No                    
 
 
Chemical Weapons Convention:  No     TSCA 12(b):  No     CDTA:  Yes 
SARA 311/312:  Acute: Yes      Chronic: Yes  Fire: No  Pressure: No 
Reactivity: No          (Pure / Liquid) 

 
Australian Hazchem Code: 2R  
Poison Schedule: None allocated.  
WHMIS:  
This MSDS has been prepared according to the hazard criteria of the Controlled 
Products Regulations (CPR) and the MSDS contains all of the information required 
by the CPR.  



16. Other Information 
NFPA Ratings: Health: 3 Flammability: 0 Reactivity: 0  
Label Hazard Warning:  
DANGER! CORROSIVE. LIQUID AND MIST CAUSE SEVERE BURNS TO ALL 
BODY TISSUE. MAY BE FATAL IF SWALLOWED OR CONTACTED WITH 
SKIN. HARMFUL IF INHALED. AFFECTS TEETH. CANCER HAZARD. 
STRONG INORGANIC ACID MISTS CONTAINING SULFURIC ACID CAN 
CAUSE CANCER. Risk of cancer depends on duration and level of exposure.  
Label Precautions:  
Do not get in eyes, on skin, or on clothing. 
Do not breathe mist. 
Keep container closed. 
Use only with adequate ventilation. 
Wash thoroughly after handling.  
Label First Aid:  
In all cases call a physician immediately. In case of contact, immediately flush eyes 
or skin with plenty of water for at least 15 minutes while removing contaminated 
clothing and shoes. Wash clothing before re-use. Excess acid on skin can be 
neutralized with a 2% bicarbonate of soda solution. If swallowed, DO NOT INDUCE 
VOMITING. Give large quantities of water. Never give anything by mouth to an 
unconscious person. If inhaled, remove to fresh air. If not breathing, give artificial 
respiration. If breathing is difficult, give oxygen.  
Product Use:  
Laboratory Reagent.  
Revision Information:  
No Changes.  
Disclaimer:  
********************************************************************* 
Mallinckrodt Baker, Inc. provides the information contained herein in good 
faith but makes no representation as to its comprehensiveness or accuracy. This 
document is intended only as a guide to the appropriate precautionary handling 
of the material by a properly trained person using this product. Individuals 
receiving the information must exercise their independent judgment in 
determining its appropriateness for a particular purpose. MALLINCKRODT 
BAKER, INC. MAKES NO REPRESENTATIONS OR WARRANTIES, 
EITHER EXPRESS OR IMPLIED, INCLUDING WITHOUT LIMITATION 
ANY WARRANTIES OF MERCHANTABILITY, FITNESS FOR A 
PARTICULAR PURPOSE WITH RESPECT TO THE INFORMATION SET 
FORTH HEREIN OR THE PRODUCT TO WHICH THE INFORMATION 
REFERS. ACCORDINGLY, MALLINCKRODT BAKER, INC. WILL NOT BE 
RESPONSIBLE FOR DAMAGES RESULTING FROM USE OF OR 
RELIANCE UPON THIS INFORMATION.  
********************************************************************* 
Prepared by: Environmental Health & Safety 
Phone Number: (314) 654-1600 (U.S.A.)  



YSI 3167 Conductivity Calibrator 
1,000 microohm/cm 

YSI INC -- YSI 3167 CONDUCTIVITY CALIBRATOR 1,000 MICROMHO/CM -- 6630-
00N066903 

=====================  Product Identification  ===================== 
 
Product ID: YSI 3167 CONDUCTIVITY CALIBRATOR 1,000 MICROMHO/CM 
MSDS Date: 06/20/1994 
FSC: 6630 
NIIN: 00N066903 
MSDS Number: CBDYY 
=== Responsible Party === 
Company Name: YSI INC 
Address: 1725 BRANNUM LANE 
City: YELLOW SPRINGS 
State: OH 
ZIP: 45387 
Country: US 
Info Phone Num: 800-765-4974 
Emergency Phone Num: 800-765-4974 
CAGE: 97794 
=== Contractor Identification === 
Company Name: YSI INC 
Address: 1725 BRANNUM LA 
Box: City: YELLOW SPRINGS 
State: OH 
ZIP: 45387 
Country: US 
Phone: 800-765-4974 
CAGE: 97794 
 
=============  Composition/Information on Ingredients  ============= 
 
Ingred Name: POTASSIUM CHLORIDE 
CAS: 7447-40-7 
RTECS #: TS8050000 
Fraction by Wt: <1% 
OSHA PEL: N/K  
ACGIH TLV: N/K  
 
Ingred Name: IODINE; (IODINE, CRYSTALE RESUBLIMED) 
CAS: 7553-56-2 
RTECS #: NN1575000 
Fraction by Wt: <1% 
OSHA PEL: 0.1 PPM, C 
ACGIH TLV: 0.1 PPM, C 
 
Ingred Name: WATER 
CAS: 7732-18-5 
RTECS #: ZC0110000 
Fraction by Wt: BALANCE 
OSHA PEL: N/K  
ACGIH TLV: N/K  



 
=====================  Hazards Identification  ===================== 
 
LD50 LC50 Mixture: NONE SPECIFIED BY MANUFACTURER. 
Routes of Entry: Inhalation: YES  Skin: YES  Ingestion: YES 
Reports of Carcinogenicity: NTP: NO    IARC: NO OSHA: NO 
Health Hazards Acute and Chronic: ACUTE: INHAL: INHAL IF MISTS/SPLASHES OF 
IODINE SOLN CAN CAUSE SEV IRRIT, W/POTNTL DESTRUCT OF RESP TISS, SPASMS & 
EDEMA (CHOKING) IN THROAT & LUNGS, DEPENDING ON FREQUENCY & DEGREE OF 
EXPOS. OTHER REPO RTED POTNTL EFTS ARE COµGH, BURNING SENSATION, 
LARYNGITIS, HDCH & NAUS. SKIN: MAY CAUSE IRRIT W/RPTD (EFTS OF OVEREXP) 
Explanation of Carcinogenicity: NOT RELEVANT 
Effects of Overexposure: HLTH HAZ: EXPOS. EYES: CAN CAUSE IRRIT & POTNTL 
DMG W/RPTD EXPOS. INGEST: CAN CAUSE IRRIT OF MOUTH, THROAT & UPSET 
STOMACH. CHRONIC: NO CHRONIC EFFECTS REPORTED. 
Medical Cond Aggravated by Exposure: NONE SPECIFIED BY MANUFACTURER. 
 
=======================  First Aid Measures  ======================= 
 
First Aid: INHAL: REMOVE TO FRESH AIR. GET ARTF RESP & GET MED ATTENTION 
AS NEEDED. SKIN: WASH EXPOSED AREAS W/SOAP & WATER FOR 15 MINS. REMOVE 
CONTAM CLTHG & WASH BEFORE RE-USING. EYES: FLUSH W/WATER FOR AT LST 15  
MINS. INGEST: RINSE OUTH IF SWALLOWED, DO NOT INDUCE VOMIT. GET PROMPT MED 
ATTN. IN ALL CASES: GET MEDICAL ATTENTION IF EFFECTS PERSIST. 
 
=====================  Fire Fighting Measures  ===================== 
 
Flash Point: NONE 
Lower Limits: NONE 
Upper Limits: NONE 
Extinguishing Media: MEDIA SUITABLE FOR SURROUNDING FIRE . 
Fire Fighting Procedures: USE NIOSH/MSHA APPROVED SCBA & FULL PROTECTIVE 
EQUIPMENT . 
Unusual Fire/Explosion Hazard: MATERIAL IS BASICALLY WATER, & IS NOT 
COMBUSTIBLE NOR DOES IT EMIT FLAMMABLE VAPORS. 
 
==================  Accidental Release Measures  ================== 
 
Spill Release Procedures: FLUSH TO SEWER OR GROUND W/LOTS OF WATER. 
Neutralizing Agent: NONE SPECIFIED BY MANUFACTURER. 
 
====================== Handling and Storage  ====================== 
 
Handling and Storage Precautions: KEEP CONTAINERS CLOSED & DO NOT HEAT 
OVER ABOUT 125F. DISCARD ANY MATERIAL THAT MAY BE CONTAMINATED, OR WHICH 
OTHERWISE MAY HAVE CHANGED COMPOSITION. 
Other Precautions: USE PERSONAL PROTECTION AS DESCRIBED IN PROTECTIVE 
MEASURES SECTION. AVOID CONDITIONS THAT CAUSE MISTING OR SPLASHING. DO NOT 
SWALLOW. 
 
=============  Exposure Controls/Personal Protection  ============= 
 
Respiratory Protection: USE A NIOSH/MSHA APPROVED RESPIRATOR FOR LIQUID 
MISTS &/OR SPLASHES. GET SUPPLIER RECOMMENDATIONS. 
Ventilation: PROVIDE ADEQUATE VENTILATION. 
Protective Gloves: WATER-RESISTANT GLOVES. 
Eye Protection: ANSI APPROVED CHEM WORKERS GOGGS(SUPDAT) 



Other Protective Equipment: EYE WASH FOUNTAIN & DELµGE SHOWER WHICH MEET 
ANSI DESIGN CRITERIA . WEAR A MOUTH COVER WHEN THERE IS SPLASHING. 
Work Hygienic Practices: NONE SPECIFIED BY MANUFACTURER. 
Supplemental Safety and Health 
EYE PROT: & FULL LENGTH FACESHIELD . 
 
==================  Physical/Chemical Properties  ================== 
 
Boiling Pt: B.P. Text: 212F,100C 
Melt/Freeze Pt: M.P/F.P Text: 32.0F,0.0C 
Vapor Pres: = WATER 
Vapor Density: =WATER VAP 
Spec Gravity: 1 
pH: NEUT 
Evaporation Rate & Reference: = WATER 
Solubility in Water: INFINITE 
Appearance and Odor: CLEAR BLUISH TINTED LIQUID; SLIGHT ACRID ODOR. 
 
=================  Stability and Reactivity Data  ================= 
 
Stability Indicator/Materials to Avoid: YES 
EXTENSIVE CONTACT MAY CAUSE REACTION W/ALUMINUM, STEEL, ZINC, MAGNESIUM. 
Stability Condition to Avoid: NONE. 
Hazardous Decomposition Products: NONE FROM WATER SOLUTION. 
 
====================  Disposal Considerations  ==================== 
 
Waste Disposal Methods: DISPOSAL MUST BE I/A/W FEDERAL, STATE & LOCAL 
REGULATIONS . DISPOSE OF I/A/W APPLICABLE REGULATIONS FOR LIQUID WASTES. 
IS NOT A RCRA HAZARDOUS WASTE AS OF THIS DATE. EMPTY CNTNRS: RINSE. 
DISPOSAL  AS APPROPRIATE FOR GLASS & PLASTIC CONTAINERS. 
 
Disclaimer (provided with this information by the compiling agencies): 
This information is formulated for use by elements of the Department of 
Defense.  The United States of America in no manner whatsoever, expressly 
or implied, warrants this information to be accurate and disclaims all 
liability for its use.  Any person utilizing this document should seek 
competent professional advice to verify and assume responsibility for the 
suitability of this information to their particular situation. 



 
HELIUM 

=====================  Product Identification  ===================== 
 
Product ID:HELIUM 
MSDS Date:12/01/1992 
FSC:6830 
NIIN:01-008-3431 
MSDS Number: BWXRX 
=== Responsible Party === 
Company Name:PRAXAIR INC 
Address:39 OLD RIDGEBURY RD 
City:DANBURY 
State:CT 
ZIP:06810-5113 
Country:US 
Info Phone Num:800-772-9247 
Emergency Phone Num:800-772-9247 
CAGE:0LV01 
=== Contractor Identification === 
Company Name:PRAXAIR, INC. 
Address:39 OLD RIDGEBURY RD 
Box:City:DANBURY 
State:CT 
ZIP:06810-5113 
Country:US 
Phone:800-772-9247; 800-PRAXAIR 
CAGE:0LV01 
 
=============  Composition/Information on Ingredients  ============= 
 
Ingred Name:HELIUM 
CAS:7440-59-7 
RTECS #:MH6520000 
Fraction by Wt: 100% 
ACGIH TLV:SIMPLE ASPHYXIANT 
 
=====================  Hazards Identification  ===================== 
 
Routes of Entry: Inhalation:YES  Skin:NO  Ingestion:NO 
Reports of Carcinogenicity:NTP:NO    IARC:NO OSHA:NO 
Health Hazards Acute and Chronic:INHALATION: ASPHYXIANT. CAN CAUSE 
    RAPID SUFFOCATION/DEATH DUE TO OXYGEN DEFICIENCY. 
Explanation of Carcinogenicity:NONE 
Effects of Overexposure:HEADACHE, DROWSINESS, DIZZINESS, EXCITATION, 
    EXCESS SALIVATION, VOMITING, UNCONSCIOUSNESS. 
 
=======================  First Aid Measures  ======================= 
 
First Aid:SKIN: WASH W/SOAP & WATER. INHALATION: REMOVE TO FRESH AIR. 
    GIVE CPR/OXYGEN IF NEEDED. EYES: FLUSH W/WATER. OBTAIN MEDICAL 
    ATTENTION IN ALL CASES. NOTE TO PHYSICIAN: NO SPECIFIC ANTIDOTE. 
    PRODUCT IS I NERT. TREATMENT OF OVEREXPOSSURE SHOULDBE DIRECTED AT 
    CONTROL OF SYMPTOMS & CLINICAL CONDITION. 
 
=====================  Fire Fighting Measures  ===================== 



 
Extinguishing Media:USE MEDIA APPROPRIATE FOR SURROUNDING FIRE. 
Fire Fighting Procedures:EVACUATE ALL PERSONNEL FROM DANGER AREA. 
    IMMEDIATELY DELUGE CONTAINERS W/WATER SPRAY FROM MAXIMUM DISTANCE 
    UNTIL COOL, THEN SAFELY REMOVE CONTAINERS FROM AREA. 
Unusual Fire/Explosion Hazard:CONTAINER MAY RUPTURE DUE TO HEAT OF 
    FIRE. 
 
==================  Accidental Release Measures  ================== 
 
Spill Release Procedures:EVACUATE ALL PERSONNEL FROM AREA. WEAR SCBA 
    WHERE NEEDED. SAFELY SHUT OFF LEAK. VENTILATE AREA & MOVE LEAKING 
    ASSEMBLY TO WELL VENTILATED AREA. TEST AREA/CONFINED AREAS FOR 
    SUFFICIENT OXYGEN CONTENT P RIOR TO PERMITTING REENTRY TO AREA. 
 
====================== Handling and Storage  ====================== 
 
Handling and Storage Precautions:STORE & USE W/ADEQUATE VENTILATION. 
    CLOSE VALVE WHEN NOT IN USE & WHEN EMPTY. 
Other Precautions:DON'T GROUND CYLINDER/ALLOW TO BECOME PART OF AN 
    ELECTRICAL CIRCUIT. DON'T STRIKE ARC ON CYLINDER. USE PIPING & 
    EQUIPMENT ADEQUATELY DESIGNED TO WITHSTAND PRESSURES TO BE 
    ENCOUNTERED. NEVER WORK ON A  PRESSURIZED SYSTEM. (SEE SUPP) 
 
=============  Exposure Controls/Personal Protection  ============= 
 
Respiratory Protection:WEAR AIR PURIFYING/AIR SUPPLIED RESPIRATOR WHERE 
    LOCAL &/GENERAL EXHAUST VENTILATION ISN'T ADEQUATE TO KEEP WORKER 
    EXPOSURE BELOW APPLICABLE TLV'S DURING WELDING W/THIS PRODUCT. AIR 
    SUPPLIED RESPIRATO R REQUIRED IF WORKING IN CONFINED AREAS. 
Ventilation:LOCAL/GENERAL EXHAUST TO MAINTAIN CONCENTRATION OF 
    HAZARDOUS FUMES & GASES 125F, ARC 
Hazardous Decomposition Products:NONE 
 
====================  Disposal Considerations  ==================== 
 
Waste Disposal Methods:SLOWLY RELEASE INTO ATMOSPHERE. DISPOSE OF ANY 
    PRODUCT/RESIDUE/DISPOSABLE CONTAINER/LINER IN AN ENVIRONMENTALLY 
    ACCEPTABLE MANNER IAW/FEDERAL, STATE & LOCAL REGULATIONS. 
 
 Disclaimer (provided with this information by the compiling agencies): 
 This information is formulated for use by elements of the Department 
 of Defense.  The United States of America in no manner whatsoever, 
 expressly or implied, warrants this information to be accurate and 
 disclaims all liability for its use.  Any person utilizing this 
 document should seek competent professional advice to verify and 
 assume responsibility for the suitability of this information to their 
 particular situation. 



TETRACHLOROETHYLENE  

1. Product Identification 
Synonyms: ethylene tetrachloride; tetrachloroethene; perchloroethylene; carbon bichloride; 
carbon dichloride  
CAS No.: 127-18-4  
Molecular Weight: 165.83  
Chemical Formula: Cl2C:CCl2  
Product Codes:  
J.T. Baker: 9218, 9360, 9453, 9465, 9469  
Mallinckrodt: 1933, 8058  

 

2. Composition/Information on Ingredients 
 
  Ingredient                                CAS No         Percent        
Hazardous                                   
  ---------------------------------------   ------------   ------------   
---------    
  
  Tetrachloroethylene                       127-18-4         99 - 100%       
Yes                                                                     
  

 

3. Hazards Identification 
Emergency Overview  
--------------------------  
WARNING! HARMFUL IF SWALLOWED, INHALED OR ABSORBED THROUGH 
SKIN. CAUSES IRRITATION TO SKIN, EYES AND RESPIRATORY TRACT. AFFECTS 
CENTRAL NERVOUS SYSTEM, LIVER AND KIDNEYS. SUSPECT CANCER 
HAZARD. MAY CAUSE CANCER. Risk of cancer depends on level and duration of 
exposure.  
 
SAF-T-DATA(tm) Ratings (Provided here for your convenience)  
-----------------------------------------------------------------------------------------------------------  
Health Rating: 2 - Moderate (Poison)  
Flammability Rating: 0 - None  
Reactivity Rating: 1 - Slight  
Contact Rating: 2 - Moderate (Life)  
Lab Protective Equip: GOGGLES; LAB COAT; VENT HOOD; PROPER GLOVES  
Storage Color Code: Blue (Health)  
-----------------------------------------------------------------------------------------------------------  



 
Potential Health Effects  
----------------------------------  
 
Inhalation:  
Irritating to the upper respiratory tract. Giddiness, headache, intoxication, nausea and 
vomiting may follow the inhalation of large amounts while massive amounts can cause 
breathing arrest, liver and kidney damage, and death. Concentrations of 600 ppm and more 
can affect the central nervous system after a few minutes.  
Ingestion:  
Not highly toxic by this route because of low water solubility. Used as an oral dosage for 
hookworm (1 to 4 ml). Causes abdominal pain, nausea, diarrhea, headache, and dizziness.  
Skin Contact:  
Causes irritation to skin. Symptoms include redness, itching, and pain. May be absorbed 
through the skin with possible systemic effects.  
Eye Contact:  
Causes irritation, redness, and pain.  
Chronic Exposure:  
May cause liver, kidney or central nervous system damage after repeated or prolonged 
exposures. Suspected cancer risk from animal studies.  
Aggravation of Pre-existing Conditions:  
Persons with pre-existing skin disorders or eye problems or impaired liver or kidney 
function may be more susceptible to the effects of the substance. The use of alcoholic 
beverages enhances the toxic effects.  

 

4. First Aid Measures 
Inhalation:  
Remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give 
oxygen. Call a physician.  
Ingestion:  
Aspiration hazard. If swallowed, DO NOT INDUCE VOMITING. Give large quantities of 
water. Never give anything by mouth to an unconscious person. Get medical attention 
immediately.  
Skin Contact:  
Wash skin with soap or mild detergent and water for at least 15 minutes while removing 
contaminated clothing and shoes. Wash clothing before reuse. Call a physician.  
Eye Contact:  
Immediately flush eyes with plenty of water for at least 15 minutes, lifting lower and upper 
eyelids occasionally. Get medical attention immediately.  
 
Note to Physician:  
Do not administer adrenaline or epinephrine to a victim of chlorinated solvent poisoning.  

 



5. Fire Fighting Measures 
Fire:  
Not considered to be a fire hazard but becomes hazardous in a fire situation because of 
vapor generation and possible degradation to phosgene (highly toxic) and hydrogen 
chloride (corrosive). Vapors are heavier than air and collect in low-lying areas.  
Explosion:  
Not considered to be an explosion hazard. Containers may explode when involved in a fire.  
Fire Extinguishing Media:  
Use any means suitable for extinguishing surrounding fire. Water spray may be used to 
keep fire exposed containers cool.  
Special Information:  
In the event of a fire, wear full protective clothing and NIOSH-approved self-contained 
breathing apparatus with full facepiece operated in the pressure demand or other positive 
pressure mode.  

 

6. Accidental Release Measures 
Ventilate area of leak or spill. Wear appropriate personal protective equipment as specified 
in Section 8. Isolate hazard area. Keep unnecessary and unprotected personnel from 
entering. Contain and recover liquid when possible. Neutralize with alkaline material (soda 
ash, lime), then absorb with an inert material (e. g., vermiculite, dry sand, earth), and place 
in a chemical waste container. Do not use combustible materials, such as saw dust. Do not 
flush to sewer! US Regulations (CERCLA) require reporting spills and releases to soil, water 
and air in excess of reportable quantities. The toll free number for the US Coast Guard 
National Response Center is (800) 424-8802. 
 

 

7. Handling and Storage 
Store in a cool, dry, ventilated area away from sources of heat or ignition. Isolate from 
flammable materials. Protect from direct sunlight. Wear special protective equipment (Sec. 
8) for maintenance break-in or where exposures may exceed established exposure levels. 
Wash hands, face, forearms and neck when exiting restricted areas. Shower, dispose of outer 
clothing, change to clean garments at the end of the day. Avoid cross-contamination of 
street clothes. Wash hands before eating and do not eat, drink, or smoke in workplace. 
Containers of this material may be hazardous when empty since they retain product 
residues (vapors, liquid); observe all warnings and precautions listed for the product.  

 

8. Exposure Controls/Personal Protection 
Airborne Exposure Limits:  
-OSHA Permissible Exposure Limit (PEL): 
100 ppm (TWA), 200 ppm (ceiling), 



300 ppm/5min/3-hour (max) 
 
-ACGIH Threshold Limit Value (TLV): 
25 ppm (TWA), 100 ppm (STEL); listed as A3, animal carcinogen  
Ventilation System:  
A system of local and/or general exhaust is recommended to keep employee exposures 
below the Airborne Exposure Limits. Local exhaust ventilation is generally preferred 
because it can control the emissions of the contaminant at its source, preventing dispersion 
of it into the general work area. Please refer to the ACGIH document, Industrial Ventilation, 
A Manual of Recommended Practices, most recent edition, for details.  
Personal Respirators (NIOSH Approved):  
If the exposure limit is exceeded, wear a supplied air, full-facepiece respirator, airlined 
hood, or full-facepiece self-contained breathing apparatus.  
Skin Protection:  
Wear impervious protective clothing, including boots, gloves, lab coat, apron or coveralls, as 
appropriate, to prevent skin contact.  
Eye Protection:  
Use chemical safety goggles and/or full face shield where dusting or splashing of solutions 
is possible. Maintain eye wash fountain and quick-drench facilities in work area.  

 

9. Physical and Chemical Properties 
Appearance:  
Clear, colorless liquid.  
Odor:  
Ethereal odor.  
Solubility:  
0.015 g in 100 g of water.  
Specific Gravity:  
1.62 @ 20C/4C  
pH:  
No information found.  
% Volatiles by volume @ 21C (70F):  
100  
Boiling Point:  
121C (250F)  
Melting Point:  
-19C (-2F)  
Vapor Density (Air=1):  
5.7  
Vapor Pressure (mm Hg):  
18 @ 25C (77F)  
Evaporation Rate (BuAc=1):  
0.33 (trichloroethylene = 1)  

 



10. Stability and Reactivity 
Stability:  
Stable under ordinary conditions of use and storage. Slowly decomposed by light. 
Deteriorates rapidly in warm, moist climates.  
Hazardous Decomposition Products:  
Carbon dioxide and carbon monoxide may form when heated to decomposition. Hydrogen 
chloride gas and phosgene gas may be formed upon heating. Decomposes with moisture to 
yield trichloroacetic acid and hydrochloric acid.  
Hazardous Polymerization:  
Will not occur.  
Incompatibilities:  
Strong acids, strong oxidizers, strong alkalis, especially NaOH, KOH; finely divided metals, 
especially zinc, barium, lithium. Slowly corrodes aluminum, iron and zinc.  
Conditions to Avoid:  
Moisture, light, heat and incompatibles.  

 

11. Toxicological Information 
 
Oral rat LD50: 2629 mg/kg; inhalation rat LC50: 4100 ppm/6H; investigated as a tumorigen, 
mutagen, reproductive effector.  
  --------\Cancer Lists\--------------------------------------------------
---- 
                                         ---NTP Carcinogen--- 
  Ingredient                             Known    Anticipated    IARC 
Category 
  ------------------------------------   -----    -----------    ---------
---- 
  Tetrachloroethylene (127-18-4)          No          Yes            2A 

 

12. Ecological Information 
Environmental Fate:  
When released into the soil, this material is expected to quickly evaporate. When released 
into the soil, this material may leach into groundwater. When released into the soil, this 
material may biodegrade to a moderate extent. When released to water, this material is 
expected to quickly evaporate. When released into water, this material is not expected to 
biodegrade. This material is not expected to significantly bioaccumulate. When released into 
the air, this material may be moderately degraded by reaction with photochemically 
produced hydroxyl radicals.  
Environmental Toxicity:  
The LC50/96-hour values for fish are between 1 and 10 mg/l. The LC50/96-hour values for 
fish are between 10 and 100 mg/l. This material is expected to be toxic to aquatic life.  

 



13. Disposal Considerations 
Whatever cannot be saved for recovery or recycling should be handled as hazardous waste 
and sent to a RCRA approved incinerator or disposed in a RCRA approved waste facility. 
Processing, use or contamination of this product may change the waste management 
options. State and local disposal regulations may differ from federal disposal regulations. 
Dispose of container and unused contents in accordance with federal, state and local 
requirements.  

 

14. Transport Information 
Domestic (Land, D.O.T.)  
-----------------------  
Proper Shipping Name: TETRACHLOROETHYLENE  
Hazard Class: 6.1  
UN/NA: UN1897  
Packing Group: III  
Information reported for product/size: 20L  
 
International (Water, I.M.O.)  
-----------------------------  
Proper Shipping Name: TETRACHLOROETHYLENE  
Hazard Class: 6.1  
UN/NA: UN1897  
Packing Group: III  
Information reported for product/size: 20L  

 

15. Regulatory Information 
  --------\Chemical Inventory Status - Part 1\----------------------------
----- 
  Ingredient                                       TSCA  EC   Japan  
Australia 
  -----------------------------------------------  ----  ---  -----  -----
---- 
  Tetrachloroethylene (127-18-4)                    Yes  Yes   Yes      
Yes                                       
  
  --------\Chemical Inventory Status - Part 2\----------------------------
----- 
                                                          --Canada-- 
  Ingredient                                       Korea  DSL   NDSL  
Phil. 
  -----------------------------------------------  -----  ---   ----  ----
- 
  Tetrachloroethylene (127-18-4)                    Yes   Yes   No     Yes            
  



  --------\Federal, State & International Regulations - Part 1\-----------
----- 
                                             -SARA 302-    ------SARA 313-
----- 
  Ingredient                                 RQ    TPQ     List  Chemical 
Catg. 
  -----------------------------------------  ---   -----   ----  ---------
----- 
  Tetrachloroethylene (127-18-4)             No    No      Yes        No 
  
  --------\Federal, State & International Regulations - Part 2\-----------
----- 
                                                        -RCRA-    -TSCA- 
  Ingredient                                 CERCLA     261.33     8(d)  
  -----------------------------------------  ------     ------    ------ 
  Tetrachloroethylene (127-18-4)             100        U210       No          
  
  
Chemical Weapons Convention:  No     TSCA 12(b):  No     CDTA:  No 
SARA 311/312:  Acute: Yes      Chronic: Yes  Fire: No  Pressure: No 
Reactivity: No          (Pure / Liquid) 
WARNING:  
THIS PRODUCT CONTAINS A CHEMICAL(S) KNOWN TO THE STATE OF 
CALIFORNIA TO CAUSE CANCER.  
 
Australian Hazchem Code: 2[Z]  
Poison Schedule: None allocated.  
WHMIS:  
This MSDS has been prepared according to the hazard criteria of the Controlled Products 
Regulations (CPR) and the MSDS contains all of the information required by the CPR.  

 

16. Other Information 
NFPA Ratings: Health: 2 Flammability: 0 Reactivity: 0  
Label Hazard Warning:  
WARNING! HARMFUL IF SWALLOWED, INHALED OR ABSORBED THROUGH SKIN. 
CAUSES IRRITATION TO SKIN, EYES AND RESPIRATORY TRACT. AFFECTS CENTRAL 
NERVOUS SYSTEM, LIVER AND KIDNEYS. SUSPECT CANCER HAZARD. MAY CAUSE 
CANCER. Risk of cancer depends on level and duration of exposure.  
Label Precautions:  
Do not get in eyes, on skin, or on clothing. 
Do not breathe vapor or mist. 
Keep container closed. 
Use only with adequate ventilation. 
Wash thoroughly after handling.  
Label First Aid:  
If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is 
difficult, give oxygen. If swallowed, DO NOT INDUCE VOMITING. Give large quantities of 
water. Never give anything by mouth to an unconscious person. In case of contact, 
immediately flush eyes or skin with plenty of water for at least 15 minutes while removing 



contaminated clothing and shoes. Wash clothing before reuse. In all cases call a physician.  
Product Use:  
Laboratory Reagent.  
Revision Information:  
MSDS Section(s) changed since last revision of document include: 3, 11.  
Disclaimer:  
************************************************************************************************  
Mallinckrodt Baker, Inc. provides the information contained herein in good faith but 
makes no representation as to its comprehensiveness or accuracy. This document is 
intended only as a guide to the appropriate precautionary handling of the material by a 
properly trained person using this product. Individuals receiving the information must 
exercise their independent judgment in determining its appropriateness for a particular 
purpose. MALLINCKRODT BAKER, INC. MAKES NO REPRESENTATIONS OR 
WARRANTIES, EITHER EXPRESS OR IMPLIED, INCLUDING WITHOUT 
LIMITATION ANY WARRANTIES OF MERCHANTABILITY, FITNESS FOR A 
PARTICULAR PURPOSE WITH RESPECT TO THE INFORMATION SET FORTH 
HEREIN OR THE PRODUCT TO WHICH THE INFORMATION REFERS. 
ACCORDINGLY, MALLINCKRODT BAKER, INC. WILL NOT BE RESPONSIBLE FOR 
DAMAGES RESULTING FROM USE OF OR RELIANCE UPON THIS INFORMATION.  
************************************************************************************************  
Prepared by: Environmental Health & Safety 
Phone Number: (314) 654-1600 (U.S.A.)  
 



TRICHLOROETHYLENE  

1. Product Identification 
Synonyms: Trichloroethene; TCE; acetylene trichloride; Ethinyl trichloride  
CAS No.: 79-01-6  
Molecular Weight: 131.39  
Chemical Formula: C2HCl3  
Product Codes:  
J.T. Baker: 5376, 9454, 9458, 9464, 9473  
Mallinckrodt: 8600, 8633  

 

2. Composition/Information on Ingredients 
 
  Ingredient                                CAS No         Percent        
Hazardous                                   
  ---------------------------------------   ------------   ------------   
---------    
  
  Trichloroethylene                         79-01-6            100%          
Yes                                                                  
  

 

3. Hazards Identification 
Emergency Overview  
--------------------------  
WARNING! HARMFUL IF SWALLOWED OR INHALED. AFFECTS HEART, CENTRAL 
NERVOUS SYSTEM, LIVER AND KIDNEYS. CAUSES SEVERE SKIN IRRITATION. 
CAUSES IRRITATION TO EYES AND RESPIRATORY TRACT. SUSPECT CANCER 
HAZARD. MAY CAUSE CANCER. Risk of cancer depends on level and duration of 
exposure.  
 
SAF-T-DATA(tm) Ratings (Provided here for your convenience)  
-----------------------------------------------------------------------------------------------------------  
Health Rating: 2 - Moderate (Poison)  
Flammability Rating: 1 - Slight  
Reactivity Rating: 1 - Slight  
Contact Rating: 3 - Severe  
Lab Protective Equip: GOGGLES & SHIELD; LAB COAT & APRON; VENT HOOD; 
PROPER GLOVES  
Storage Color Code: Blue (Health)  
-----------------------------------------------------------------------------------------------------------  



 
Potential Health Effects  
----------------------------------  
 
Inhalation:  
Vapors can irritate the respiratory tract. Causes depression of the central nervous system 
with symptoms of visual disturbances and mental confusion, incoordination, headache, 
nausea, euphoria, and dizziness. Inhalation of high concentrations could cause 
unconsciousness, heart effects, liver effects, kidney effects, and death.  
Ingestion:  
Cases irritation to gastrointestinal tract. May also cause effects similar to inhalation. May 
cause coughing, abdominal pain, diarrhea, dizziness, pulmonary edema, unconsciousness. 
Kidney failure can result in severe cases. Estimated fatal dose is 3-5 ml/kg.  
Skin Contact:  
Cause irritation, redness and pain. Can cause blistering. Continued skin contact has a 
defatting action and can produce rough, dry, red skin resulting in secondary infection.  
Eye Contact:  
Vapors may cause severe irritation with redness and pain. Splashes may cause eye damage.  
Chronic Exposure:  
Chronic exposures may cause liver, kidney, central nervous system, and peripheral nervous 
system effects. Workers chronically exposed may exhibit central nervous system depression, 
intolerance to alcohol, and increased cardiac output. This material is linked to mutagenic 
effects in humans. This material is also a suspect carcinogen.  
Aggravation of Pre-existing Conditions:  
Persons with pre-existing skin disorders, cardiovascular disorders, impaired liver or kidney 
or respiratory function, or central or peripheral nervous system disorders may be more 
susceptible to the effects of the substance.  

 

4. First Aid Measures 
Inhalation:  
Remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give 
oxygen. Call a physician.  
Ingestion:  
Induce vomiting immediately as directed by medical personnel. Never give anything by 
mouth to an unconscious person. Call a physician.  
Skin Contact:  
Immediately flush skin with plenty of soap and water for at least 15 minutes while 
removing contaminated clothing and shoes. Get medical attention. Wash clothing before 
reuse. Thoroughly clean shoes before reuse.  
Eye Contact:  
Immediately flush eyes with plenty of water for at least 15 minutes, lifting lower and upper 
eyelids occasionally. Get medical attention immediately.  
 
Note to Physician:  
Do not administer adrenaline or epinephrine to a victim of chlorinated solvent poisoning.  

 



5. Fire Fighting Measures 
Fire:  
Autoignition temperature: 420C (788F) 
Flammable limits in air % by volume:  
lel: 8; uel: 12.5  
Explosion:  
A strong ignition source, e. g., a welding torch, can produce ignition. Sealed containers may 
rupture when heated.  
Fire Extinguishing Media:  
Use water spray to keep fire exposed containers cool. If substance does ignite, use CO2, dry 
chemical or foam.  
Special Information:  
In the event of a fire, wear full protective clothing and NIOSH-approved self-contained 
breathing apparatus with full facepiece operated in the pressure demand or other positive 
pressure mode. Combustion by-products include phosgene and hydrogen chloride gases. 
Structural firefighters' clothing provides only limited protection to the combustion products 
of this material.  

 

6. Accidental Release Measures 
Ventilate area of leak or spill. Remove all sources of ignition. Wear appropriate personal 
protective equipment as specified in Section 8. Isolate hazard area. Keep unnecessary and 
unprotected personnel from entering. Contain and recover liquid when possible. Use non-
sparking tools and equipment. Collect liquid in an appropriate container or absorb with an 
inert material (e. g., vermiculite, dry sand, earth), and place in a chemical waste container. 
Do not use combustible materials, such as saw dust. Do not flush to sewer! US Regulations 
(CERCLA) require reporting spills and releases to soil, water and air in excess of reportable 
quantities. The toll free number for the US Coast Guard National Response Center is (800) 
424-8802. 
 

 

7. Handling and Storage 
Keep in a tightly closed container, stored in a cool, dry, ventilated area. Protect against 
physical damage. Isolate from any source of heat or ignition. Isolate from incompatible 
substances. Containers of this material may be hazardous when empty since they retain 
product residues (vapors, liquid); observe all warnings and precautions listed for the 
product.  

 

8. Exposure Controls/Personal Protection 
Airborne Exposure Limits:  
Trichloroethylene: 



-OSHA Permissible Exposure Limit (PEL): 
100 ppm (TWA), 200 ppm (Ceiling),  
300 ppm/5min/2hr (Max)  
 
-ACGIH Threshold Limit Value (TLV): 
50 ppm (TWA) 100 ppm (STEL); 
listed as A5, not suspected as a human carcinogen.  
Ventilation System:  
A system of local and/or general exhaust is recommended to keep employee exposures 
below the Airborne Exposure Limits. Local exhaust ventilation is generally preferred 
because it can control the emissions of the contaminant at its source, preventing dispersion 
of it into the general work area. Please refer to the ACGIH document, Industrial Ventilation, 
A Manual of Recommended Practices, most recent edition, for details.  
Personal Respirators (NIOSH Approved):  
If the exposure limit is exceeded and engineering controls are not feasible, wear a supplied 
air, full-facepiece respirator, airlined hood, or full-facepiece self-contained breathing 
apparatus. Breathing air quality must meet the requirements of the OSHA respiratory 
protection standard (29CFR1910.134). This substance has poor warning properties. Where 
respirators are required, you must have a written program covering the basic requirements 
in the OSHA respirator standard. These include training, fit testing, medical approval, 
cleaning, maintenance, cartridge change schedules, etc. See 29CFR1910.134 for details.  
Skin Protection:  
Wear impervious protective clothing, including boots, gloves, lab coat, apron or coveralls, as 
appropriate, to prevent skin contact. Neoprene is a recommended material for personal 
protective equipment.  
Eye Protection:  
Use chemical safety goggles and/or a full face shield where splashing is possible. Maintain 
eye wash fountain and quick-drench facilities in work area.  

 

9. Physical and Chemical Properties 
Appearance:  
Clear, colorless liquid.  
Odor:  
Chloroform-like odor.  
Solubility:  
Practically insoluble in water. Readily miscible in organic solvents.  
Specific Gravity:  
1.47 @ 20C/4C  
pH:  
No information found.  
% Volatiles by volume @ 21C (70F):  
100  
Boiling Point:  
87C (189F)  
Melting Point:  
-73C (-99F)  



Vapor Density (Air=1):  
4.5  
Vapor Pressure (mm Hg):  
57.8 @ 20C (68F)  
Evaporation Rate (BuAc=1):  
No information found.  

 

10. Stability and Reactivity 
Stability:  
Stable under ordinary conditions of use and storage. Will slowly decompose to hydrochloric 
acid when exposed to light and moisture.  
Hazardous Decomposition Products:  
May produce carbon monoxide, carbon dioxide, hydrogen chloride and phosgene when 
heated to decomposition.  
Hazardous Polymerization:  
Will not occur.  
Incompatibilities:  
Strong caustics and alkalis, strong oxidizers, chemically active metals, such as barium, 
lithium, sodium, magnesium, titanium and beryllium, liquid oxygen.  
Conditions to Avoid:  
Heat, flame, ignition sources, light, moisture, incompatibles  

 

11. Toxicological Information 
Toxicological Data:  
Trichloroethylene: Oral rat LD50: 5650 mg/kg; investigated as a tumorigen, mutagen, 
reproductive effector.  
Reproductive Toxicity:  
This material has been linked to mutagenic effects in humans.  
  --------\Cancer Lists\--------------------------------------------------
---- 
                                         ---NTP Carcinogen--- 
  Ingredient                             Known    Anticipated    IARC 
Category 
  ------------------------------------   -----    -----------    ---------
---- 
  Trichloroethylene (79-01-6)             No          Yes            2A 

 

12. Ecological Information 
Environmental Fate:  
When released into the soil, this material may leach into groundwater. When released into 
the soil, this material is expected to quickly evaporate. When released to water, this material 
is expected to quickly evaporate. This material has an experimentally-determined 
bioconcentration factor (BCF) of less than 100. This material is not expected to significantly 
bioaccumulate. When released into the air, this material may be moderately degraded by 



reaction with photochemically produced hydroxyl radicals. When released into the air, this 
material is expected to have a half-life between 1 and 10 days.  
Environmental Toxicity:  
The LC50/96-hour values for fish are between 10 and 100 mg/l. This material is expected to 
be slightly toxic to aquatic life.  

 

13. Disposal Considerations 
Whatever cannot be saved for recovery or recycling should be handled as hazardous waste 
and sent to a RCRA approved incinerator or disposed in a RCRA approved waste facility. 
Processing, use or contamination of this product may change the waste management 
options. State and local disposal regulations may differ from federal disposal regulations. 
Dispose of container and unused contents in accordance with federal, state and local 
requirements.  

 

14. Transport Information 
Domestic (Land, D.O.T.)  
-----------------------  
Proper Shipping Name: TRICHLOROETHYLENE  
Hazard Class: 6.1  
UN/NA: UN1710  
Packing Group: III  
Information reported for product/size: 4L  
 
International (Water, I.M.O.)  
-----------------------------  
Proper Shipping Name: TRICHLOROETHYLENE  
Hazard Class: 6.1  
UN/NA: UN1710  
Packing Group: III  
Information reported for product/size: 4L  

 

15. Regulatory Information 
  --------\Chemical Inventory Status - Part 1\----------------------------
----- 
  Ingredient                                       TSCA  EC   Japan  
Australia 
  -----------------------------------------------  ----  ---  -----  -----
---- 
  Trichloroethylene (79-01-6)                       Yes  Yes   Yes      
Yes                                       
  
  --------\Chemical Inventory Status - Part 2\----------------------------
----- 



                                                          --Canada-- 
  Ingredient                                       Korea  DSL   NDSL  
Phil. 
  -----------------------------------------------  -----  ---   ----  ----
- 
  Trichloroethylene (79-01-6)                       Yes   Yes   No     Yes         
  
  --------\Federal, State & International Regulations - Part 1\-----------
----- 
                                             -SARA 302-    ------SARA 313-
----- 
  Ingredient                                 RQ    TPQ     List  Chemical 
Catg. 
  -----------------------------------------  ---   -----   ----  ---------
----- 
  Trichloroethylene (79-01-6)                No    No      Yes        No 
  
  --------\Federal, State & International Regulations - Part 2\-----------
----- 
                                                        -RCRA-    -TSCA- 
  Ingredient                                 CERCLA     261.33     8(d)  
  -----------------------------------------  ------     ------    ------ 
  Trichloroethylene (79-01-6)                100        U228       No       
  
  
Chemical Weapons Convention:  No     TSCA 12(b):  No     CDTA:  No 
SARA 311/312:  Acute: Yes      Chronic: Yes  Fire: No  Pressure: No 
Reactivity: No          (Pure / Liquid) 
WARNING:  
THIS PRODUCT CONTAINS A CHEMICAL(S) KNOWN TO THE STATE OF 
CALIFORNIA TO CAUSE CANCER.  
 
Australian Hazchem Code: None allocated.  
Poison Schedule: S6  
WHMIS:  
This MSDS has been prepared according to the hazard criteria of the Controlled Products 
Regulations (CPR) and the MSDS contains all of the information required by the CPR.  

 

16. Other Information 
NFPA Ratings: Health: 2 Flammability: 1 Reactivity: 0  
Label Hazard Warning:  
WARNING! HARMFUL IF SWALLOWED OR INHALED. AFFECTS HEART, CENTRAL 
NERVOUS SYSTEM, LIVER AND KIDNEYS. CAUSES SEVERE SKIN IRRITATION. 
CAUSES IRRITATION TO EYES AND RESPIRATORY TRACT. SUSPECT CANCER 
HAZARD. MAY CAUSE CANCER. Risk of cancer depends on level and duration of 
exposure.  
Label Precautions:  
Do not get in eyes, on skin, or on clothing. 
Do not breathe vapor. 
Keep container closed. 



Use only with adequate ventilation. 
Wash thoroughly after handling. 
Keep away from heat and flame.  
Label First Aid:  
If swallowed, induce vomiting immediately as directed by medical personnel. Never give 
anything by mouth to an unconscious person. If inhaled, remove to fresh air. If not 
breathing, give artificial respiration. If breathing is difficult, give oxygen. In case of contact, 
immediately flush eyes or skin with plenty of water for at least 15 minutes. Remove 
contaminated clothing and shoes. Wash clothing before reuse. In all cases call a physician. 
Note to physician: Do not administer adrenaline or epinephrine to a victim of chlorinated 
solvent poisoning.  
Product Use:  
Laboratory Reagent.  
Revision Information:  
MSDS Section(s) changed since last revision of document include: 3.  
Disclaimer:  
************************************************************************************************  
Mallinckrodt Baker, Inc. provides the information contained herein in good faith but 
makes no representation as to its comprehensiveness or accuracy. This document is 
intended only as a guide to the appropriate precautionary handling of the material by a 
properly trained person using this product. Individuals receiving the information must 
exercise their independent judgment in determining its appropriateness for a particular 
purpose. MALLINCKRODT BAKER, INC. MAKES NO REPRESENTATIONS OR 
WARRANTIES, EITHER EXPRESS OR IMPLIED, INCLUDING WITHOUT 
LIMITATION ANY WARRANTIES OF MERCHANTABILITY, FITNESS FOR A 
PARTICULAR PURPOSE WITH RESPECT TO THE INFORMATION SET FORTH 
HEREIN OR THE PRODUCT TO WHICH THE INFORMATION REFERS. 
ACCORDINGLY, MALLINCKRODT BAKER, INC. WILL NOT BE RESPONSIBLE FOR 
DAMAGES RESULTING FROM USE OF OR RELIANCE UPON THIS INFORMATION.  
************************************************************************************************  
Prepared by: Environmental Health & Safety 
Phone Number: (314) 654-1600 (U.S.A.)  
 



CIS 1,2-DICHLOROETHENE 
=====================  Product Identification  ===================== 
 
Product ID:0-659 CIS 1,2-DICHLOROETHENE 
MSDS Date:06/02/1992 
FSC:6550 
NIIN:00F037480 
MSDS Number: BWJDT 
=== Responsible Party === 
Company Name:CHEM SERVICE INC 
Address:660 TOWER LN 
Box:3108 
City:WEST CHESTER 
State:PA 
ZIP:19381-3108 
Country:US 
Info Phone Num:215-692-3026/800-452-9994 
Emergency Phone Num:215-692-3026/800-452-9994 
CAGE:84898 
=== Contractor Identification === 
Company Name:CHEM SERVICE INC 
Box:3108 
City:WEST CHESTER 
State:PA 
ZIP:19381 
Country:US 
Phone:215-692-3026 
CAGE:84898 
Company Name:CHEM SERVICE, INC 
Address:660 TOWER LN 
Box:599 
City:WEST CHESTER 
State:PA 
ZIP:19301-9650 
Country:US 
Phone:610-692-3026 
CAGE:8Y898 
 
=============  Composition/Information on Ingredients  ============= 
 
Ingred Name:DICHLOROETHENE 
CAS:156-59-2 
RTECS #:KV9420000 
 
=====================  Hazards Identification  ===================== 
 
Routes of Entry: Inhalation:YES  Skin:YES  Ingestion:YES 
Reports of Carcinogenicity:NTP:NO    IARC:NO OSHA:NO 
Health Hazards Acute and Chronic:SKIN: MAY BE HARMFUL IF ABSORBED. CAN 
    CAUSE IRRITATION. INHALATION: MAY BE HARMFUL. DUST &/VAPORS CAN 
    CAUSE RESPIRATORY TRACT IRRITATION. CAN BE IRRITATING TO MUCOUS 
    MEMBRANCES. INGESTION: MAY BE HARM FUL. EYES: IRRITATION. EXPOSURE 
    CAN CAUSE LIVER DAMAGE. NARCOTIC AT HIGH CONCENTRATIONS. 
Explanation of Carcinogenicity:NONE 
Effects of Overexposure:IRRITATION, NARCOTIC. 
 



=======================  First Aid Measures  ======================= 
 
First Aid:EYES: FLUSH CONTINUOUSLY W/WATER FOR 15-20 MINS. SKIN: FLUSH 
    W/WATER FOR 15-20 MINS. IF NOT BURNED, WASH W/SOAP & WATER TO 
    CLEANSE. INHALATION: REMOVE TO FRESH AIR. GIVE CPR/OXYGEN IF NEEDED 
    & CONTINU E LIFE SUPPORT UNTIL MEDICAL ASSISTANCEARRIVES. 
    INGESTION: RINSE MOUTH OUT W/WATER, IF CONSCIOUS. OBTAIN MEDICAL 
    ATTENTION IN ALL CASES. 
 
=====================  Fire Fighting Measures  ===================== 
 
Flash Point:42.8F 
Extinguishing Media:CO2, DRY CHEMICAL POWDER/SPRAY. 
Unusual Fire/Explosion Hazard:FLAMMABLE CHEMICAL. VAPORS MAY TRAVEL 
    CONSIDERABLE DISTANCE TO IGNITION SOURCE & FLASH BACK. 
    DECOMPOSITION PRODUCTS ARE CORROSIVE. 
 
==================  Accidental Release Measures  ================== 
 
Spill Release Procedures:EVACUATE AREA. WEAR APPRORPRIATE OSHA 
    REGULATED EQUIPMENT. VENTILATE AREA. ABSORB ON VERMICULITE/SIMILAR 
    MATERIAL. SWEEP UP & PLACE IN APPROPRIATE CONTAINER/HOLD FOR 
    DISPOSAL. WASH CONTAMINATED SURFAC ES TO REMOVE ANY RESIDUES. 
 
====================== Handling and Storage  ====================== 
 
Handling and Storage Precautions:STORE IN A COOL DRY PLACE ONLY 
    W/COMPATIBLE CHEMICALS. KEEP TIGHTLY CLOSED. STORE UNDER 
    REFRIGERATION. 
Other Precautions:AVOID CONTACT W/SKIN, EYES & CLOTHING. DON'T BREATH 
    VAPORS. CONTACT LENSES SHOULDN'T BE WORN IN THE LABORATORY. ALL 
    CHEMICALS SHOULD BE CONSIDERED HAZARDOUS. AVOID DIRECT PHYSICAL 
    CONTACT. 
 
=============  Exposure Controls/Personal Protection  ============= 
 
Respiratory Protection:WEAR APPROPRIATE OSHA/MSHA APPROVED SAFETY 
    EQUIPMENT. 
Ventilation:CHEMICAL SHOULD BE HANDLED ONLY IN A HOOD. 
Eye Protection:EYE SHIELDS 
Supplemental Safety and Health 
 
==================  Physical/Chemical Properties  ================== 
 
Boiling Pt:B.P. Text:140F 
Melt/Freeze Pt:M.P/F.P Text:-112F 
Solubility in Water:INSOLUBLE 
Appearance and Odor:COLORLESS LIQUID 
 
=================  Stability and Reactivity Data  ================= 
 
Stability Indicator/Materials to Avoid:YES 
STRONG OXIDIZING AGENTS, MAGNESIUM, ALUMINUM. 
Stability Condition to Avoid:MOISTURE, AIR, LIGHT, HEAT & OTHER 
    IGNITION SOURCES. 
Hazardous Decomposition Products:TOXIC FUMES 
 



====================  Disposal Considerations  ==================== 
 
Waste Disposal Methods:BURN IN A CHEMICAL INCINERATOR EQUIPPED W/AN 
    AFTERBURNER & SCRUBBER IAW/FEDERAL, STATE & LOCAL REGULATIONS. 
 
 Disclaimer (provided with this information by the compiling agencies): 
 This information is formulated for use by elements of the Department 
 of Defense.  The United States of America in no manner whatsoever, 
 expressly or implied, warrants this information to be accurate and 
 disclaims all liability for its use.  Any person utilizing this 
 document should seek competent professional advice to verify and 
 assume responsibility for the suitability of this information to their 
 particular situation. 



TRANS-1,2-DICHLOROETHENE 
=====================  Product Identification  ===================== 
 
Product ID:TRANS-1,2-DICHLOROETHENE, O-660 
MSDS Date:09/01/1988 
FSC:6810 
NIIN:00N067797 
MSDS Number: CBGMP 
=== Responsible Party === 
Company Name:CHEM SERVICE INC 
Box:3108 
City:WEST CHESTER 
State:PA 
ZIP:19381 
Country:US 
Info Phone Num:215-692-3026 
Emergency Phone Num:215-692-3026 
CAGE:84898 
=== Contractor Identification === 
Company Name:CHEM SERVICE INC 
Box:3108 
City:WEST CHESTER 
State:PA 
ZIP:19381 
Country:US 
Phone:215-692-3026 
CAGE:84898 
Company Name:CHEM SERVICE, INC 
Address:660 TOWER LN 
Box:599 
City:WEST CHESTER 
State:PA 
ZIP:19301-9650 
Country:US 
Phone:610-692-3026 
CAGE:8Y898 
 
=============  Composition/Information on Ingredients  ============= 
 
Ingred Name:ETHYLENE, 1,2-DICHLORO-, (E)-; (TRANS-1,2-DICHLOROETHYLENE) 
    (SARA 313) (CERCLA) 
CAS:156-60-5 
RTECS #:KV9400000 
OSHA PEL:200 PPM (MFR) 
ACGIH TLV:200 PPM (MFR) 
EPA Rpt Qty:1000 LBS 
DOT Rpt Qty:1000 LBS 
 
=====================  Hazards Identification  ===================== 
 
LD50 LC50 Mixture:LD50 (ORAL RAT): 7536 MG/KG. 
Routes of Entry: Inhalation:YES  Skin:YES  Ingestion:YES 
Reports of Carcinogenicity:NTP:NO    IARC:NO OSHA:NO 
Health Hazards Acute and Chronic:ACUTE: CAN BE HARMFUL IF ABSORBED THRU 
    SKIN, INHALED/SWALLOWED. CAN CAUSE SKIN AND EYE IRRITATION. CAN BE 
    IRRITATING TO MUCOUS MEMBRANES. VAPORS AND/OR DIRECT EYE CONTACT 



    CAN CAUSE SEVERE EYE BURNS. C HRONIC: PROLONGED EXPOSURE MAY CAUSE 
    NAUSEA, HEADACHE, DIZZINESS AND/OR EYE DAMAGE. CAN CAUSE LIVER & 
    KIDNEY INJURY. 
Explanation of Carcinogenicity:NOT RELEVANT. 
Effects of Overexposure:SEE HEALTH HAZARDS. 
Medical Cond Aggravated by Exposure:NONE SPECIFIED BY MANUFACTURER. 
 
=======================  First Aid Measures  ======================= 
 
First Aid:AN ANTIDOTE IS A SUBSTANCE INTENDED TO COUNTERACT EFT OF 
    POIS. IT SHOULD BE ADMIN ONLY BY MD/TRAINED EMER PERS. MED ADVICE 
    CAN BE OBTAINED FROM POIS CTL CTR. EYES: FLUSH CONTINUOUSLY W/WATER 
    FOR AT LE AST 15 MIN. SKIN: FLUSH W/WATER FOR 15-20 MIN. IF NO 
    BURNS HAVE OCCURRED, USE SOAP & WATER TO CLEANSE SKIN. INHAL: 
    REMOVE TO FRESH AIR. ADMIN OXYGEN IF DFCLT BRTHG. IF BRTHG HAS 
    STOPPED, (SUP DAT) 
 
=====================  Fire Fighting Measures  ===================== 
 
Flash Point:42.8F,6.0C 
Extinguishing Media:USE CARBON DIOXIDE, DRY CHEMICAL POWDER OR WATER 
    SPRAY. 
Fire Fighting Procedures:WEAR NIOSH/MSHA APPROVED SCBA & FULL 
    PROTECTIVE EQUIPMENT . 
Unusual Fire/Explosion Hazard:NONE SPECIFIED BY MANUFACTURER. 
 
==================  Accidental Release Measures  ================== 
 
Spill Release Procedures:EVACUATE AREA. WEAR APPROPRIATE OSHA-REGULATED 
    EQUIPMENT. VENTILATE AREA. ABSORB ON VERMICULITE OR SIMILAR 
    MATERIAL. SWEEP UP AND PLACE IN AN APPROPRIATE CONTAINER. HOLD FOR 
    DISPOSAL. WASH CONTAMINATE D SURFACES TO REMOVE ANY RESIDUES. 
Neutralizing Agent:NONE SPECIFIED BY MANUFACTURER. 
 
====================== Handling and Storage  ====================== 
 
Handling and Storage Precautions:ALL CHEMICALS SHOULD BE CONSIDERED 
    HAZARDOUS. AVOID DIRECT PHYSICAL CONTACT! USE APPROPRIATE OSHA/MSMA 
    APPROVED SAFETY EQUIPMENT. 
Other Precautions:AVOID CONT W/SKIN, EYES, & CLTHG. KEEP TIGHTLY CLSD & 
    STORE IN COOL DRY PLACE. STORE ONLY W/COMPATIBLE CHEM. PERS NOT 
    SPECIFICALLY & PROPERLY TRAINED SHOULD NOT HANDLE THIS CHEM/ITS 
    CONTR. THIS PROD I S FURNISHED FOR LAB USE ONLY! (SUP DAT) 
 
=============  Exposure Controls/Personal Protection  ============= 
 
Respiratory Protection:USE NIOSH/MSHA APPROVED RESPIRATOR APPROPRIATE 
    FOR EXPOSURE OF CONCERN . 
Ventilation:THIS CHEMICAL SHOULD BE HANDLED ONLY IN A HOOD. 
Protective Gloves:IMPERVIOUS GLOVES . 
Eye Protection:ANSI APPRVD CHEM WORKERS GOGGS . 
Other Protective Equipment:EMERGENCY EYEWASH & DELUGE SHOWER MEETING 
    ANSI DESIGN CRITERIA . 
Work Hygienic Practices:CONTACT LENSES SHOULD NOT BE WORN IN THE 
    LABORATORY. 
Supplemental Safety and Health 
FIRST AID PROC: ADMIN ARTF RESP. IF PATIENT IN CARD ARREST, ADMIN CPR. 



    CONTINUE LIFE SUPPORTING MEASURES UNTIL MED ASSIST HAS ARRIVED. 
    INGEST: CALL MD IMMED . OTHER PREC: THIS PROD MAY NOT BE US ED AS 
    DRUGS, COSMETICS, AGRICULTURAL/PESTICIDAL PRODS, FOOD ADDITIVES/AS 
    HOUSEHOLD CHEMICALS. 
 
==================  Physical/Chemical Properties  ================== 
 
Boiling Pt:B.P. Text:118F,48C 
Melt/Freeze Pt:M.P/F.P Text:-58F,-50C 
Spec Gravity:1.257 
Solubility in Water:INSOLUBLE 
Appearance and Odor:COLORLESS LIQUID 
 
=================  Stability and Reactivity Data  ================= 
 
Stability Indicator/Materials to Avoid:YES 
INCOMPATIBLE WITH STRONG OXIDIZING AGENTS, STRONG BASES. REACTS WITH 
    WATER AND MOST REACTIVE HYDROGEN COMPOUNDS. 
Stability Condition to Avoid:FLAMMABLE. 
Hazardous Decomposition Products:DECOMPOSITION LIBERATES TOXIC FUMES. 
    DECOMPOSITION PRODUCTS ARE CORROSIVE. 
 
====================  Disposal Considerations  ==================== 
 
Waste Disposal Methods:BURN IN A CHEMICAL INCINERATOR EQUIPPED WITH AN 
    AFTERBURNER AND SCRUBBER. DISPOSE OF IN ACCORDANCE W/LOCAL, STATE & 
    FEDERAL REGULATIONS . 
 
 Disclaimer (provided with this information by the compiling agencies): 
 This information is formulated for use by elements of the Department 
 of Defense.  The United States of America in no manner whatsoever, 
 expressly or implied, warrants this information to be accurate and 
 disclaims all liability for its use.  Any person utilizing this 
 document should seek competent professional advice to verify and 
 assume responsibility for the suitability of this information to their 
 particular situation. 



1,2-DICHLOROETHANE  

1. Product Identification 
Synonyms: Ethylene dichloride; dichloroethylene; 1,2-Bichloroethane  
CAS No.: 107-06-2  
Molecular Weight: 98.96  
Chemical Formula: ClCH2CH2Cl  
Product Codes:  
J.T. Baker: 9302, H076  
Mallinckrodt: 4966, 5338  

 

2. Composition/Information on Ingredients 
 
  Ingredient                                CAS No         Percent        
Hazardous                                   
  ---------------------------------------   ------------   ------------   
---------    
  
  Ethylene Dichloride                       107-06-2         90 - 100%       
Yes                                                                     
  

 

3. Hazards Identification 
Emergency Overview  
--------------------------  
WARNING! FLAMMABLE LIQUID AND VAPOR. HARMFUL IF SWALLOWED, 
INHALED OR ABSORBED THROUGH SKIN. AFFECTS CENTRAL NERVOUS 
SYSTEM, LIVER, KIDNEYS, AND CARDIOVASCULAR SYSTEM. CAUSES 
IRRITATION TO SKIN, EYES AND RESPIRATORY TRACT. POSSIBLE CANCER 
HAZARD. MAY CAUSE CANCER BASED ON ANIMAL DATA. Risk of cancer depends 
on duration and level of exposure.  
 
SAF-T-DATA(tm) Ratings (Provided here for your convenience)  
-----------------------------------------------------------------------------------------------------------  
Health Rating: 3 - Severe (Poison)  
Flammability Rating: 3 - Severe (Flammable)  
Reactivity Rating: 2 - Moderate  
Contact Rating: 3 - Severe  
Lab Protective Equip: GOGGLES & SHIELD; LAB COAT & APRON; VENT HOOD; 
PROPER GLOVES; CLASS B EXTINGUISHER  
Storage Color Code: Red (Flammable)  



-----------------------------------------------------------------------------------------------------------  
 
Potential Health Effects  
----------------------------------  
 
Inhalation:  
Inhalation of vapors irritates the respiratory tract. May cause headache, weakness, cyanosis, 
nausea, vomiting, and diarrhea. These symptoms may be followed by central nervous 
system effects, liver damage, kidney damage, adrenal gland damage, cyanosis, weak and 
rapid pulse and unconsciousness. Death can occur from respiratory and circulatory failure.  
Ingestion:  
Causes irritation to the gastrointestinal tract. Symptoms may include nausea, vomiting and 
diarrhea. Toxic effects parallel those of inhalation. Doses of 0.5 - 1.0 g/kg can be fatal.  
Skin Contact:  
Causes irritation, rash and blister formation. Prolonged contact can cause skin burns. Can be 
absorbed through skin with toxic effects.  
Eye Contact:  
Vapors cause eye irritation. Splashes cause severe irritation, possible corneal burns and eye 
damage.  
Chronic Exposure:  
Repeated or prolonged exposure may cause weight loss, low blood pressure, jaundice, 
reduced urinary output, dermatitis, eye damage and anemia. Dichloroethane is a suspected 
human carcinogen based on animal data.  
Aggravation of Pre-existing Conditions:  
Persons with pre-existing skin disorders or eye problems, or impaired liver, kidney, 
cardiovascular, neurological or respiratory function may be more susceptible to the effects 
of the substance.  

 

4. First Aid Measures 
Inhalation:  
Remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give 
oxygen. Call a physician.  
Ingestion:  
If swallowed, DO NOT INDUCE VOMITING. Give large quantities of water. Never give 
anything by mouth to an unconscious person. Get medical attention immediately.  
Skin Contact:  
Wash skin with soap or mild detergent and water for at least 15 minutes while removing 
contaminated clothing and shoes. Wash clothing before reuse. Call a physician.  
Eye Contact:  
Immediately flush eyes with plenty of water for at least 15 minutes, lifting lower and upper 
eyelids occasionally. Get medical attention immediately.  

 



5. Fire Fighting Measures 
Fire:  
Flash point: 13C (55F) CC 
Autoignition temperature: 413C (775F) 
Flammable limits in air % by volume:  
lel: 6.2; uel: 15.9 
Flammable.  
Explosion:  
Above flash point, vapor-air mixtures are explosive within flammable limits noted above. 
Sealed containers may rupture when heated. Contact with strong oxidizers may cause fire. 
Vapors can flow along surfaces to distant ignition source and flash back. Sensitive to static 
discharge.  
Fire Extinguishing Media:  
Dry chemical, foam or carbon dioxide. Water spray may be used to keep fire exposed 
containers cool, dilute spills to nonflammable mixtures, protect personnel attempting to 
stop leak and disperse vapors.  
Special Information:  
In the event of a fire, wear full protective clothing and NIOSH-approved self-contained 
breathing apparatus with full facepiece operated in the pressure demand or other positive 
pressure mode. Combustion by-products include phosgene and hydrogen chloride gases.  

 

6. Accidental Release Measures 
Ventilate area of leak or spill. Remove all sources of ignition. Wear appropriate personal 
protective equipment as specified in Section 8. Isolate hazard area. Keep unnecessary and 
unprotected personnel from entering. Contain and recover liquid when possible. Use non-
sparking tools and equipment. Collect liquid in an appropriate container or absorb with an 
inert material (e. g., vermiculite, dry sand, earth), and place in a chemical waste container. 
Do not use combustible materials, such as saw dust. Do not flush to sewer! If a leak or spill 
has not ignited, use water spray to disperse the vapors, to protect personnel attempting to 
stop leak, and to flush spills away from exposures. US Regulations (CERCLA) require 
reporting spills and releases to soil, water and air in excess of reportable quantities. The toll 
free number for the US Coast Guard National Response Center is (800) 424-8802. 
 
 
J. T. Baker SOLUSORB® solvent adsorbent is recommended for spills of this product.  

 

7. Handling and Storage 
Protect against physical damage. Store in a cool, dry well-ventilated location, away from 
any area where the fire hazard may be acute. Outside or detached storage is preferred. 
Separate from incompatibles. Containers should be bonded and grounded for transfers to 
avoid static sparks. Storage and use areas should be No Smoking areas. Use non-sparking 
type tools and equipment, including explosion proof ventilation. Wear special protective 
equipment (Sec. 8) for maintenance break-in or where exposures may exceed established 



exposure levels. Wash hands, face, forearms and neck when exiting restricted areas. Shower, 
dispose of outer clothing, change to clean garments at the end of the day. Avoid cross-
contamination of street clothes. Wash hands before eating and do not eat, drink, or smoke in 
workplace. Containers of this material may be hazardous when empty since they retain 
product residues (vapors, liquid); observe all warnings and precautions listed for the 
product.  

 

8. Exposure Controls/Personal Protection 
Airborne Exposure Limits:  
- OSHA Permissible Exposure Limit (PEL): 
50 ppm (TWA), 100 ppm (ceiling) 
200 ppm (max)/5 min/3 hour 
 
- ACGIH Threshold Limit Value (TLV): 
10 ppm (TWA), A4 - not classifiable as a human carcinogen 
 
- NIOSH IDLH: 
50 ppm  
Ventilation System:  
A system of local and/or general exhaust is recommended to keep employee exposures 
below the Airborne Exposure Limits. Local exhaust ventilation is generally preferred 
because it can control the emissions of the contaminant at its source, preventing dispersion 
of it into the general work area. Please refer to the ACGIH document, Industrial Ventilation, 
A Manual of Recommended Practices, most recent edition, for details.  
Personal Respirators (NIOSH Approved):  
If the exposure limit is exceeded, wear a supplied air, full-facepiece respirator, airlined 
hood, or full-facepiece self-contained breathing apparatus. This substance has poor warning 
properties.  
Skin Protection:  
Wear impervious protective clothing, including boots, gloves, lab coat, apron or coveralls, as 
appropriate, to prevent skin contact. Polyvinyl alcohol (PVA) and Viton are recommended 
materials for personal protective equipment.  
Eye Protection:  
Use chemical safety goggles and/or a full face shield where splashing is possible. Maintain 
eye wash fountain and quick-drench facilities in work area.  

 

9. Physical and Chemical Properties 
Appearance:  
Colorless heavy liquid.  
Odor:  
Chloroform-like odor.  
Solubility:  
0.81g/100g water @ 20C (68F).  
Specific Gravity:  



1.24 @ 20C  
pH:  
No information found.  
% Volatiles by volume @ 21C (70F):  
100  
Boiling Point:  
83.4C (181F)  
Melting Point:  
-35.4C (-31F)  
Vapor Density (Air=1):  
3.42  
Vapor Pressure (mm Hg):  
87 @ 25C (77F)  
Evaporation Rate (BuAc=1):  
No information found.  

 

10. Stability and Reactivity 
Stability:  
Stable under ordinary conditions of use and storage. Darkens on exposure to air or light.  
Hazardous Decomposition Products:  
Emits toxic fumes of phosgene, hydrogen chloride, acetylene, and vinyl chloride when 
heated to decomposition.  
Hazardous Polymerization:  
Will not occur.  
Incompatibilities:  
Aluminum or magnesium powder, oxidizing agents, reducing agents, organic peroxides, 
alkali and alkali earth metals, nitric acid, caustics, nitrogen tetraoxide, ammonia, and 
dimethylaminopropylamine.  
Conditions to Avoid:  
Heat, flame, sources of ignition, light and incompatibles.  

 

11. Toxicological Information 
 
Oral rat LD50: 500 mg/kg; inhalation rat LC50: 1000 ppm.7H; skin rabbit LD50: 2800 
mg/kg; irritation eye rabbit, Standard Draize, 63 mg severe; skin rabbit, Open Draize, 625 
mg mild; investigated as a tumorigen, mutagen, reproductive effector.  
  --------\Cancer Lists\--------------------------------------------------
---- 
                                         ---NTP Carcinogen--- 
  Ingredient                             Known    Anticipated    IARC 
Category 
  ------------------------------------   -----    -----------    ---------
---- 
  Ethylene Dichloride (107-06-2)          No          Yes            2B 

 



12. Ecological Information 
Environmental Fate:  
When released into the soil, this material is expected to quickly evaporate. When released 
into the soil, this material may leach into groundwater. When released to water, this 
material is expected to quickly evaporate. When released into the water, this material is 
expected to have a half-life between 1 and 10 days. This material has a log octanol-water 
partition coefficient of less than 3.0. This material is not expected to significantly 
bioaccumulate. When released into the air, this material may be moderately degraded by 
reaction with photochemically produced hydroxyl radicals. When released into the air, this 
material is expected to have a half-life of greater than 30 days. When released into the air, 
this material may be removed from the atmosphere to a moderate extent by wet deposition.  
Environmental Toxicity:  
This material is not expected to be toxic to aquatic life. The LC50/96-hour values for fish are 
over 100 mg/l. The EC50/48-hour values for daphnia are over 100 mg/l.  

 

13. Disposal Considerations 
Whatever cannot be saved for recovery or recycling should be handled as hazardous waste 
and sent to a RCRA approved incinerator or disposed in a RCRA approved waste facility. 
Processing, use or contamination of this product may change the waste management 
options. State and local disposal regulations may differ from federal disposal regulations. 
Dispose of container and unused contents in accordance with federal, state and local 
requirements.  

 

14. Transport Information 
Domestic (Land, D.O.T.)  
-----------------------  
Proper Shipping Name: RQ, ETHYLENE DICHLORIDE  
Hazard Class: 3, 6.1  
UN/NA: UN1184  
Packing Group: II  
Information reported for product/size: 52L  
 
International (Water, I.M.O.)  
-----------------------------  
Proper Shipping Name: ETHYLENE DICHLORIDE  
Hazard Class: 3, 6.1  
UN/NA: UN1184  
Packing Group: II  
Information reported for product/size: 52L  
 
International (Air, I.C.A.O.)  
-----------------------------  
Proper Shipping Name: ETHYLENE DICHLORIDE  



Hazard Class: 3, 6.1  
UN/NA: UN1184  
Packing Group: II  
Information reported for product/size: 52L  

 

15. Regulatory Information 
  --------\Chemical Inventory Status - Part 1\----------------------------
----- 
  Ingredient                                       TSCA  EC   Japan  
Australia 
  -----------------------------------------------  ----  ---  -----  -----
---- 
  Ethylene Dichloride (107-06-2)                    Yes  Yes   Yes      
Yes                                       
  
  --------\Chemical Inventory Status - Part 2\----------------------------
----- 
                                                          --Canada-- 
  Ingredient                                       Korea  DSL   NDSL  
Phil. 
  -----------------------------------------------  -----  ---   ----  ----
- 
  Ethylene Dichloride (107-06-2)                    Yes   Yes   No     Yes            
  
  --------\Federal, State & International Regulations - Part 1\-----------
----- 
                                             -SARA 302-    ------SARA 313-
----- 
  Ingredient                                 RQ    TPQ     List  Chemical 
Catg. 
  -----------------------------------------  ---   -----   ----  ---------
----- 
  Ethylene Dichloride (107-06-2)             No    No      Yes        No 
  
  --------\Federal, State & International Regulations - Part 2\-----------
----- 
                                                        -RCRA-    -TSCA- 
  Ingredient                                 CERCLA     261.33     8(d)  
  -----------------------------------------  ------     ------    ------ 
  Ethylene Dichloride (107-06-2)             100        U077       No          
  
  
Chemical Weapons Convention:  No     TSCA 12(b):  Yes    CDTA:  No 
SARA 311/312:  Acute: Yes      Chronic: Yes  Fire: Yes Pressure: No 
Reactivity: No          (Pure / Liquid) 
WARNING:  
THIS PRODUCT CONTAINS A CHEMICAL(S) KNOWN TO THE STATE OF 
CALIFORNIA TO CAUSE CANCER.  
 
Australian Hazchem Code: 2YE  
Poison Schedule: None allocated.  
WHMIS:  



This MSDS has been prepared according to the hazard criteria of the Controlled Products 
Regulations (CPR) and the MSDS contains all of the information required by the CPR.  

 

16. Other Information 
NFPA Ratings: Health: 2 Flammability: 3 Reactivity: 0  
Label Hazard Warning:  
WARNING! FLAMMABLE LIQUID AND VAPOR. HARMFUL IF SWALLOWED, 
INHALED OR ABSORBED THROUGH SKIN. AFFECTS CENTRAL NERVOUS SYSTEM, 
LIVER, KIDNEYS, AND CARDIOVASCULAR SYSTEM. CAUSES IRRITATION TO SKIN, 
EYES AND RESPIRATORY TRACT. POSSIBLE CANCER HAZARD. MAY CAUSE 
CANCER BASED ON ANIMAL DATA. Risk of cancer depends on duration and level of 
exposure.  
Label Precautions:  
Wash thoroughly after handling. 
Do not breathe vapor. 
Keep container closed. 
Use only with adequate ventilation. 
Do not get in eyes, on skin, or on clothing. 
Keep away from heat, sparks and flame.  
Label First Aid:  
In case of contact, immediately flush eyes or skin with plenty of water for at least 15 minutes 
while removing contaminated clothing and shoes. Wash clothing before reuse. If swallowed, 
DO NOT INDUCE VOMITING. Give large quantities of water. Never give anything by 
mouth to an unconscious person. If inhaled, remove to fresh air. If not breathing, give 
artificial respiration. If breathing is difficult, give oxygen. In all cases call a physician.  
Product Use:  
Laboratory Reagent.  
Revision Information:  
MSDS Section(s) changed since last revision of document include: 3, 11.  
Disclaimer:  
************************************************************************************************  
Mallinckrodt Baker, Inc. provides the information contained herein in good faith but 
makes no representation as to its comprehensiveness or accuracy. This document is 
intended only as a guide to the appropriate precautionary handling of the material by a 
properly trained person using this product. Individuals receiving the information must 
exercise their independent judgment in determining its appropriateness for a particular 
purpose. MALLINCKRODT BAKER, INC. MAKES NO REPRESENTATIONS OR 
WARRANTIES, EITHER EXPRESS OR IMPLIED, INCLUDING WITHOUT 
LIMITATION ANY WARRANTIES OF MERCHANTABILITY, FITNESS FOR A 
PARTICULAR PURPOSE WITH RESPECT TO THE INFORMATION SET FORTH 
HEREIN OR THE PRODUCT TO WHICH THE INFORMATION REFERS. 
ACCORDINGLY, MALLINCKRODT BAKER, INC. WILL NOT BE RESPONSIBLE FOR 
DAMAGES RESULTING FROM USE OF OR RELIANCE UPON THIS INFORMATION.  
************************************************************************************************  
Prepared by: Environmental Health & Safety 
Phone Number: (314) 654-1600 (U.S.A.)  



VINYL CHLORIDE 
=====================  Product Identification  ===================== 
 
Product ID:VINYL CHLORIDE 
MSDS Date:10/01/1985 
FSC:6810 
NIIN:00N034925 
MSDS Number: BQCBT 
=== Responsible Party === 
Company Name:MATHESON GAS PRODUCTS 
Address:932 PATTERSON PLANK RD 
City:EAST RUTHERFORD 
State:NJ 
ZIP:07073 
Country:US 
Info Phone Num:201-933-2400 
Emergency Phone Num:201-933-2400 
CAGE:0FB11 
=== Contractor Identification === 
Company Name:MATHESON GAS PRODUCTS 
Address:30 SEAFIEW DRIVE 
Box:City:SEACAUCUS 
State:NJ 
ZIP:07096 
Country:US 
Phone:201-867-4100, CHEMTREC 800-424-9300 
CAGE:0FB11 
 
=============  Composition/Information on Ingredients  ============= 
 
Ingred Name:ETHYLENEM, CHLORO-; (VINYL CHLORIDE)  (SARA III) 
CAS:75-01-4 
RTECS #:KU9625000 
OSHA PEL:SEE 1910.1017 
ACGIH TLV:5 PPM, A1; 9293 
EPA Rpt Qty:1 LB 
DOT Rpt Qty:1 LB 
 
=====================  Hazards Identification  ===================== 
 
LD50 LC50 Mixture:NONE SPECIFIED BY MANUFACTURER. 
Routes of Entry: Inhalation:YES  Skin:NO  Ingestion:YES 
Reports of Carcinogenicity:NTP:YES    IARC:YES   OSHA:YES 
Health Hazards Acute and Chronic:ACUTE:INHAL MAY CAUSE DROWS, BLURRED 
    VISION, STAG GAIT, & TINGLING & NUMBNESS IN THE FEET & HANDS. IN 
    HIGH CONC VINYL CHLORIDE ACTS AS AN ANESTHETIC. CONTACT WITH LIQ 
    VINYL CHLORIDE MAY CAUSE SEVERE I RRITATION & BURNS. CHRONIC: VINYL 
    CHLORIDE IS A RECOGNIZED CARCINOGEN & HAS CAUSED CANCER IN 
    MAN.(EFTS OF OVEREXP) 
Explanation of Carcinogenicity:VINYL CHLORIDE: KNOWN CARCINOGEN (NTP), 
    GROUP 1 (IARC); OSHA REGULATED 
Effects of Overexposure:SEE HEALTH HAZARDS. 
Medical Cond Aggravated by Exposure:NONE SPECIFIED BY MANUFACTURER. 
 
=======================  First Aid Measures  ======================= 
 



First Aid:INHAL: MOVE VICTIM TO FRESH AIR. IF NOT BRTHG, GIVE ARTF 
    RESP. IF BRTHG IS DIFFICULT, GIVE OXYGEN. CALL A PHYSICIAN. 
    EYE/SKIN: IMMED FLUSH EYE/SKIN WITH PLENTY OF WATER FOR AT LEAST 15 
    MIN. REMOVE CON TAMINATED CLOTHING AND SHOES. CALL A PHYSICIAN. 
    INGEST: GET MD IMMEDIATELY . NOTE: SKIN BURNS CAN BE TREATED BY THE 
    APPLICATION OF MAGNESIUM PASTE (MAGNESIUM OXIDE AND GLYCERINE). 
 
=====================  Fire Fighting Measures  ===================== 
 
Lower Limits:4% 
Upper Limits:22% 
Extinguishing Media:TO EXTING A VINYL CHLORIDE FIRE STOP THE FLOW OF 
    GAS. IF THE FLOW CANNOT BE STOPPED, LET THE FIRE BURN ITSELF(SUPP 
    DATA) 
Fire Fighting Procedures:FIRE FIGHTERS MUST WEAR NIOSH/MSHA APPROVED 
    SCBA AND FULL PROTECTIVE EQUIPMENT . FIREIGHTERS TURNOUT GEAR IS 
    INADEQUATE. 
Unusual Fire/Explosion Hazard:CYLINDERS THAT ARE EXPOSED TO FIRE MAY 
    RUPTURE WITH VIOLENT FORCE. EXTING SURROUNDING FIRE & KEEP 
    CYLINDERS COOL USING A WATER SPRAY APPLIED FROM THE(SUPP DATA) 
 
==================  Accidental Release Measures  ================== 
 
Spill Release Procedures:EVACUATE AREA. PERSONNEL EQUIPPED W/SPECIAL 
    PERSONAL PROTECTIVE SUITS FOR FIRE/CHEMICALS AND POSITIVE PRESSURE 
    NIOSH/MSHA APPROVED SCBA CAN RE-ENTER THE AREA AND ATTEMPT TO STOP 
    LEAK. 
Neutralizing Agent:NONE SPECIFIED BY MANUFACTURER. 
 
====================== Handling and Storage  ====================== 
 
Handling and Storage Precautions:CYLINDERS SHOULD BE STORED AND USED IN 
    DRY, WELL VENT AREAS AWAY FROM SOURCES OF HEAT OR IGNITION. DO NOT 
    STORE WITH OXIDIZERS. 
Other Precautions:BEFORE USING: 1)SECURE CYLINDER TO PVNT IT FROM 
    FALLING OR BEING KNOCKED OVER. 2) INSTALL CHECK VALVES/TRAPS TO 
    PVNT SUCKBACK TO CYLNDER. 3)LEAK CHECK LINES & EQUIP. 4) HAVE 
    APPRVD RESP PROT & OTHER P ROT EQUIP. 5) HAVE AN EMER (SUPP DAT 
 
=============  Exposure Controls/Personal Protection  ============= 
 
Respiratory Protection:NIOSH/MSHA APPROVED POSITIVE PRESSURE SCBA 
    SHOULD BE WORN IF IT IS SUSPECTED THAT VINYL CHLORIDE IS IN THE 
    AIR. 
Ventilation:NONE SPECIFIED BY MANUFACTURER. 
Protective Gloves:IMPERVIOUS GLOVES. 
Eye Protection:CHEM WORK GOGG/FULL LENGTH FSHLD . 
Other Protective Equipment:EYE WASH STATIONS & SAFETY SHOWERS READILY 
    AVAILABE. 
Work Hygienic Practices:NONE SPECIFIED BY MANUFACTURER. 
Supplemental Safety and Health 
EXTING MEDIA:OUT WHILE COOLING CYLINDER & SURROUNDINGS USING A H*2O 
    SPRAY. EXPLO HAZ:MAX POSS DISTANCE. FLAMM & TOX GASES MAY SPREAD 
    FROM A SPILL AFTER FIRE IS EXTING & BE SUBJECT TO REIGNIT. THERMAL  
    DECOMP PRODS MAY INCL HCL & PHOSGENE . OTHER PREC: PLAN COVERING 
    STEPS TO BE TAKEN IN CASE OF ACCIDENTAL RELEASE. 
 



==================  Physical/Chemical Properties  ================== 
 
HCC:G2 
Boiling Pt:B.P. Text:7.2F,-13.8C 
Melt/Freeze Pt:M.P/F.P Text:-245F,-154C 
Vapor Pres:234KPA@21C 
Spec Gravity:2.21 
Solubility in Water:1.07 CM3/1 ML H*2O 
Appearance and Odor:COLORLESS, HIGHLY FLAMM GAS WITH A PLEASANT, SWEET 
    ODOR AT HIGH CONC. 
 
=================  Stability and Reactivity Data  ================= 
 
Stability Indicator/Materials to Avoid:YES 
OXIDIZING MATLS, ACTIVE METALS, ALUMINUM ALLOYS AND ORGANOMETALLICS. 
Stability Condition to Avoid:AVOID EXPOSURE TO SUNLIGHT, HEAT, AIR, 
    OXYGEN PEROXIDES AND OTHER STRONG OXIDIZING AGENTS. 
Hazardous Decomposition Products:HYDROGEN CHLORIDE, PHOSGENE, CARBON 
    MONOXIDE. 
Conditions to Avoid Polymerization:OXYGEN (AIR), HEAT, SUNLIGHT, 
    MOISTURE AND FREE RADICAL INITIATORS OR OTHER CATALYTIC MATERIALS. 
 
====================  Disposal Considerations  ==================== 
 
Waste Disposal Methods:DISPOSAL MUST BE IN ACCORDANCE WITH FEDERAL, 
    STATE AND LOCAL REGULATIONS . 
 
 Disclaimer (provided with this information by the compiling agencies): 
 This information is formulated for use by elements of the Department 
 of Defense.  The United States of America in no manner whatsoever, 
 expressly or implied, warrants this information to be accurate and 
 disclaims all liability for its use.  Any person utilizing this 
 document should seek competent professional advice to verify and 
 assume responsibility for the suitability of this information to their 
 particular situation. 
 



MSDS Number: B564,2 • • • • • Effective Date: 11102101 • •• • • Supercedes: 02125199
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Buffer Solution (Borate), pH 10 (Color Coded
Blue)
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1. Product Identification
Synonyms: None.
CAS No.: Not applicable to mixtures.
Molecular Weigbt: Not applicable to mixtures.
Chemical Formula: Not applicable to mixtures.
Product Codes: 5655

.= .;."._. .I ZZ . G"t ..BU " ,,,""'_ " •.......... ._ ....""... M __.• •iill . iM.. ti._ _ • .••" ," • 4_ ,._...•.. • 4:.'.",.'M ...,. ",,;;;;;,1\0 ijj,rtli...,_,

2. Composition/lnformation on Ingredients
lngredi~nt CAS No percent Hazar dous

wat er
Bor ic Acid
Potassium Hydroxide
C.l . Aci d Blue 9 Disodium Salt
Citric Ac i d
sodium Benzoat e>
propylene Glycol
FD & C Red No . 40
Pr opyl paraben

77 32- 18- 5
10043-35 -3
1310 -58-3
3844-45- 9
77 - 92 - 9
532- 32- 1
57-55 -G
25 95G-17-6
94 - 13-3

> 99%
< 1'1;
< 1%
< 1%
< 1%
< 1%
< 1%
< 1%
< 3. %

No
No
Yes
No
No
No
No
No
No
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3. Hazards Identification
Emergency Overview

DANGER! CORROSIVE. HARMFUL IF SWALLOWED OR INHALED. CAUSES
BURNS TO ANY AREA OF CONTACT.

J.T. Baker SAF·T·DATA(1m) Ratings (Provided here for your convenience)

Health Rating: 2 - Moderate
Flammability Rating: 0 - None



Reactivity Rating: 0 - None
Contact Rating: 3 - Severe (Corrosive)
Lab Protective Equip: GOGGLES & SHIELD; LAB COAT & APRON; VENT HOOD; PROPER
GLOVES
Storage Color Code: White (Corrosive)

_._-------------------~------_._----------------------------------------------------_._----_._~--------~--

Potential Health Effects

The health effects from exposure to diluted forms of this chemical are not well documented. They
are expected to be less severe than those for concentrated forms which are referenced in the
descriptions below.

Inhalation:
Respiratory tract irritant, may cause serious bums on acute contact. Severe injury is usually
avoided by the self- limiting coughing and sneezing symptoms.
Ingestion: .
Toxic! Corrosive to mucous membranes and may cause perforation of the esophagus and stomach.
Abdominal pain. nausea, vomiting, general gastro-intestinal upset can be expected.
Skin Contact: .
Irritant, possibly corrosive if contact is prolonged. Soreness, redness, destruction of skin may
result.
Eye Contact:
Irritant, possibly corrosive to eye tissues. Tearing, redness, pain, impaired vision are symptoms.
Chronic Exposure:
Development of a defatting dermatitis on prolonged contact with potassium hydroxide has been
reported. Continued irritation may lead to increased susceptibility to respiratory illness.
Aggravation of Pre-existing Conditions:
Persons with pre-existing skin disorders or eye problems, or impaired kidney or respiratory
function may be more susceptible to the effects of the substance.
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4. First Aid Measures
;;aa,;,3.. ,...=:........==.... ._. ._.'.'_ . ~

First aid procedures given apply to concentrated solutions. Exposures to dilute solutions may not
require these extensive first aid procedures.
Inhalation:
Remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give
oxygen. Get medical attention immediately.
Ingastlom
If swallowed, DO NOT INDUCE VOMITING. Give large quantities of water. Never give anything
by mouth to an unconscious person. Get medical attention immediately.
Skin Contact:
Immediately flush skin with plenty of water for at least 15 minutes while removing contaminated
clothing and shoes. Get medical attention immediately. Wash clothing before reuse. Thoroughly
clean shoes before reuse .
Eye Contact:



Immediately flush eyes with plenty of water for at least 15 minutes, lifting lower and upper eyelids
occasionally. Get medical attention immediately.
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5. Fire Fighting Measures

Fire:
Not considered to be a fire hazard.
Explosion:
Sealed containers may ruptu re when heated.
Fire Extinguishing Media:
Use any means suitable for extinguishing surrounding fire.
Special Information:
In the event of a fire, wear full protective clothing and NIOSH-approved self-contained breathing
apparatus with full facepiece operated in the pressure demand or other positive pressure mode.
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6. Accidental Release Measures
Ventilate area of leak or spill. Wear appropriate personal protective equipment as specified in
Section 8. Contain and recover liquid when possible. Collect liquid in an appropriate container or
absorb with an inert material (e. g., vermiculite, dry sand, earth), and place in a chemical waste
container. Do not use combustible materials; such as saw dust. Do not flush to sewer! US
Regulations (CERCLA) require reporting spills and releases to soil, water and air in excess of
reportable quantities. The toll free number for the US Coast Guard National Response Center is
(800) 424-8802.
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7. Handling and Storage
Keep in a tightly closed container. Store in a cool, dry, ventilated area. Protect against physical
damage. Separate from acids and alkalis. Protect from freezing. Containers of this materi al may be
hazardous when empty since they retain product residues (vapors, liquid); observe all warnings
and precautions listed for the product.
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8. Exposure ControlslPersonal Protection

Airborne Exposure Limits:
For Potassium Hydroxide [1310-58-3] :
- ACGIH Threshold Limit value (TLV):
2 mglm3 Ceiling
Ventilation System:
A system of local and/or general exhaust is recommended to keep employee exposures below the
Airborne Exposure Limits. Local exhaust ventilation is generally preferred because it can control
the emissions of the contaminant at its source, preventing dispersion of it into the general work
area. Please refer to the ACGIH document, Industrial Ventilation, A Manual ofRecommended



Practices;most recent edition, for detai ls.
Personal Respirators (NIOSH Approved):
If the exposure limit is exceeded and engineering controls are not feasible, a half facepiece
particulate respirator (NIOSH type P95 or R95 filters) may be worn for up to ten times the
exposure limit or the maximum use concentration specified by the appropriate regulatory agency
or respirator supplier, whichever is lowest .. A full-face piece particulate respirator (NIOSH type
PIOO or RIOO filter s) may be worn up to 50 times the exposure limit, or the maximum use
concentration specified by the appropriate regulatory agency, or respirator supplier, whichever is
lowest. Please note that N filters are not recommended for this material. For emergencies or
instances where the exposure levels are not known, use a full-facepiece positive-pressure, air
supplied respirator. WARNING: Air-purifyingrespirators do not protect workers in oxygen
deficient atmospheres.
Skin Protection:
Wear impervious protective clothing, including boots , gloves, lab coat, apron or coveralls, as
appropriate, to prevent skin contact.
Eye Protection:
Use chemical safety goggles and/or a full face shield where splashing is possible. Maintain eye
wash fountain and quick-drench facilities.in work area. .
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9. Physical and Chemical Properties
Appearance:
Blue liquid.
Odor:
Odorless.
SolUbility:
Complete (100%)
Specifie Gravlty:
No information found .
pH:
10
% Volatiles by volume @ 21C (70F):
ca. 99 (as water)
Boiling Point:
No information found.
Melting Point:
No information found.
Vapor Density (Air=l):
No information found.
Vapor Pressure (rom Hg):
No information found.
Evaporation Rate (BuAc::l):
No information found.
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10. Stability and Reactivity

Stability:
Stable under ordinary conditions of use and storage.
Hazardous Decomposition Products:
Potassium oxide at very high temperatures.
Hazardous Polymerization:
Will not occur.
Incompatibilities:
Acids.
Conditions to Avoid:
Incompatibles.
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11. Toxicological Information

For potassium hydroxide: Oral rat LD50: 273 mglkg; Investigated as a mutagen. Skin Irritation
Data (std Draize, 50 mg/24 H): Human, Severe; Rabbit, Severe. Eye Irritation Data(Rabbit, non
std test, 1 mg/24 H, rinse) : Moderate.

- - - - - - - - \ Cancer Lists\------- - - - -------------------- - -------- - --------------
---NTP Carcinogen---

Ingredient Known Anticipaeed IARC Category

Water (7732-18-5 )
Boric Acid (10043-35-3)
Potassium Hydroxide (1310-58-3)
c.r . Acid Blue 9 Disodium Sale
(3844-45-9)
Ci tric Acid (77 - 92 - 9 )
Sodium Benzoaee (532-3 2-1 )
Propylene Gl ycol (57-55-6)
FD & C Red NO. 40 (25956-17-6)
Propyl paraben (9 4 - 13 - 3 )

No
No
NO
No

No
No
No
NO
No

No
No
No
NO

No
No
No
No
No

None
None
None

3

None
None
None
None
None

.. .... .LE az._::ZZI1. t:eJ%c::u " " ee 1 .II t

12. Ecological Information
Environmental Fate:
No information found.
Environmental Toxicity:
Potassium Hydroxide: TLm: 80 ppm/Mosquito fishl 24 hr.! Fresh water
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13. Disposal Considerations
n .. . _ X , _ . A:L_.=

Whatever cannot be saved for recovery or recycling should be managed in an appropriate and
approved waste facility. Although not a listed RCRA hazardous waste, this material may exhibit
one or more characteristics of a hazardous waste and require appropriate analysis to determine
specific disposal requirements . Processing, use or contamination of this product may change the
waste management options. State and local disposal regulations may differ from federal disposal



regulations. Dispose of container and unused contents in accordance with federal, state and local
requirements.

Sfe

14. Transport Information
Domestic (Land, D.O.T.)

" . J

Proper Shipping Name: CORROSIVE LIQUID, BASIC, INORGANIC, N.O.S. (pOTASSIUM
HYDROXIDE)
Hazard Class: 8
UNINA: UN3266
Packing Group: ill
Information reported for product/size: 20L

International (Water, 1.1\:1.0.)

Proper Shipping Name: CORROSIVE LIQUID, BASIC, INORGANIC,N.O.S. (pOTASSIUM
HYDROXIDE)
Hazard Class: 8
UNINA: UN3266
Packing Group: ill
Information reported for product/size: 20L

International (Air, I.e.A.O.)

Proper Shipping Name: CORROSIVE LIQUID, BASIC, INORGANIC, N.O.S. (POTASSIUM
HYDROXIDE)
Hazard Class : 8
UNINA: UN3266
Packing Group: ill
Information reported for product/size: 20L
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15. Regulatory Information
--- - ----\Chemical Inventory Status - Par t 1\--- - ----------- --- ----- - ------- - -
Ingredient TSCA EC J apan Australia

Water (7732-18 -5)
Boric Acid (1 0043-35 -3)
Potassium Hydroxide (1310-58 -3)
C.I. Acid Blue 9 Disodium Salt (3844-45-9)
Citric Acid (77-92-9)
Sodium Ben zoa t e (532 -32 -1)
pr opylene Glycol (57 -55-6)
FD & C Red NO. 40 (25956- 17 - 6)
Propyl Paraben (94-13-3)

---------
Yes Yes Yes Yes
Yes Yes Yes Yes
Yes Yes Yes Yes
Yes Yes Yes Yes
Yes Yes Yes Yes
Yes Yes Yes Yes
Yes Yes Yes Yes
Yes Yes No Yes
Yes Yes Yes Yes

- - - - ----\Chemical Inventory Status - Part 2\---------------------------------
- -Canada--

Ingr edi ent Korea DSL NDSL phil .



water (7732-18-5)
Boric Acid (10043 -35 -3)
potassium Hydroxide (1310-58-3 )
C.I . Acid Blue ~ Disodium Salt (3844-45-9)
Citric Acid ( 7 7 - ~ 2 - 9 )

Sodium Benzoate (532 -32 -1)
Propylene Glycol (57-55-6)
FD & C Red No. 40 (25956-17-6)
Propyl Paraben (94 -13-3)

Yes Yes NO Yes
Yes Yes NO Yes
Yes Yes No Yes
Yes yes No Yes
Yes Yes NO Yes
Yes Yes NO Yes
Yes Yes NO Yes
Yes Yes No Yes
yes Yes NO Yes

--------\Federal, State & International Regulat ions - Part 1\----- - - - - ----- - -
- SARA 302 - - - - - - - SARA 313 ----- -

Ingredient RQ TPQ List Chemical Catg .

Water (7732 -18 - 5)
Boric Acid (10043-35 -3)
potassium Hydroxide (1310-58 -3)
C.I . Acid Blue 9 Disodium Salt (3844 -45-9)
Citric Acid (77 -92-9)
Sodium Benzoate (532-32 -1)
Propylene Glycol (57 -55-6)
FD & C Red No. 40 (25956-17-6 )
Propyl Paraben (94 -13 -3)

No No No NO
No No No No
NO NO No No
NO NO NO NO
NO No NO No
No No NO NO
No NO NO NO
No No No No
NO No No No

- - - - - -- - \ Fe de r a l . State & I n t e r na t i on a l Regulations - Part 2\---- - - - - ------ - -
- RCRA- -TSCA-

Ingredient CERCLA 261 .33 8(d)

Water (7732-18-5)
Boric Acid (10043-35-3)
Potassium Hydroxide (131 0- 58- 3 )
C.I . Acid Blue 9 Disodium Salt
(3844 -45-9)
Citric Acid (77 -92 -9)
Sodium Benzoate (532-32 -1)
propylene Glycol (57 -55-6) '
FD & C Red No . 40 (25956 -17 -6)
Propyl paraben (94-13-3)

NO
NO
1000
No

No
No
NO
No
NO

------ ------
No NO
No NO
NO No
No No

No No
No No
NO No
No No
NO No

Chemical Weap ons Convention : No TSCA 12(b): No CDTA: No
SARA 311/312: Acute: Yes Chronic: Yes Fire : NO Pressure: NO
Reactivity: No (Mixture / Liquid)

Australian Hazchem Code: None allocated.
Poison Schedule: None allocated.
WHMIS:
This MSDS has been prepared according to the hazard criteria of the Controlled Products
Regulations (CPR) and the MSDS contains all of the information required by the CPR.
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16. Other Information

NFPA Ratings: Health: 3 Flammability: 0 Reactivity: 0
Label Hazard Warning:
DANGER! CORROSIVE. HARMFUL IF SWALLOWED OR INHALED. CAUSES BURNS TO
ANY AREA OF CONTACT.
Label Precautions:



Do not breathe mist.
Do not get in eyes, on skin, or on clothing.
Keep container closed.
Use only with adequate ventilation.
Wash thoroughly after handling.
Label First Aid:
If swallowed, DO NOT INDUCE VOMITING . Give large quantiti es of water. Never give anything
by mouth to an unconscious person. In case of contact, immediately flush eyes or skin with plenty
of water for at least 15 minutes while removing contaminated clothing and shoes. Wash clothing
before reuse. If inhaled, remove to fresh air. If not breathing give artificial respiration. If breathing
is difficult, give oxygen. In all cases get medical attention immediately.
Product Use:
Laboratory Reagent.
Revision Information:
MSDS Section(s) changed since last revision of document include: 8.
Disclaimer:
****************************************-**••******************************~****
*****************
Malllnckrodt Baker, Inc. provides the information contained herein in good faith but makes
no representation as to its comprehensiveness or accuracy. This document is intended only
as a guide to the appropriate precautionary handling of the material by a properly trained
person using this product, Individuals receiving the information must exercise their
independent judgment in determining its appropriateness for a particular purpose,
MALLINCKRODT BAKER, INC. IVIAKES NO REPRESENfATIONS OR
WARRANTIES, EITHER EXPRESS OR IMPLIED, INCLUDING WITHOUT
LIMITATION ANY WARRANTIES OF MERCHANfABILITY, FITNESS FOR A
PARTICULAR PURPOSE WITH RESPECT TO THE INFORMATION SET FORTH
HEREIN OR THE PRODUCT TO WHICH THE INFORMATION REFERS.
ACCORDINGLY, MALLINCKRODT BAKER, INC. WILL NOT BE RESPONSIBLE
FOR DAMAGES RESULTING FROM USE OF OR RELIANCE UPON THIS
INFORMATION.
***************************************~******-*********-***********************

*****************
Prepared by: Environmental Health & Safety
Phone Number: (314) 654-1600 (U.S.A.)



MSDS Number: 85639 • • • • • Effective Date: 11112/03 • • •• • Supercedes: 02/23/01
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Buffer Solution (Phosphate), pH 7 (Color Coded
Yellow)
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1. Product Identification
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Synonyms: None.
CAS No.: Not applicable to mixtures.
Molecular Weight: Not applicable to mixtures.
Chemical Formula: Not applicable to mixtures.
Product Codes: 5656
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2. CompositionlInformation on Ingredients
Ingr edient

Pot a s s i um Phospha t e Monoba s i c
Sodi um Phosphat e , Di basic
Pr opylene Gl ycol
FD & C Yel low No. 5
Wa t e r

CAS No

777 8-77 -0
75 58 - 79-4
57 - 55-6
1934 -21 -0
7732-1 8-5

Percent

<H;
< H;
< H;
<It
> 98%

Ha zardou s

No
No
No
NO
No
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3. Hazards Identification
Emergency Overview

As part of good industrial and personal hygiene and safety procedure, avoid all unnecessary
exposure to the chemical substance and ensu re prompt removal from skin, eyes and clothing.

J.T. Baker SAF·T·DATA (lm) Ratings (Provided here for your convenience)

Health Rating: 0 - None
Flammability Rating: 0 - None
Reactivity Rating: 0 • None
Contact Rating: 1 - Slight



Lab ProtectiveEquip: GOGGLES; LAB COAT
Storage Color Code: Orange (General Storage)
~------------------~-~---------_._---------------------~-~---.-----------_._------------------------- -----

Potential Health Effects

Inhalation:
No adverse health effects via inhalation.
Ingestion:
Not expected to be a health hazard via ingestion. Large oral doses may cause irritation to the
gastrointestinal tract.
Skin Contact:
Not expected to be a health hazard from skin exposure. May cause mild irritation and redness.
Eye Contact:
No adverse effects expected. May cause mild irritation, possible reddening.
Chronic Exposure:
No informationfound.
Aggravation ofPre-existing Conditions:
No informationfound.
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4. First Aid Measures

Inhalation:
Not expected to require first aid measures.Remove to fresh air. Get medical attention for any
breathing difficulty.
Ingestion:
Not expected to require first aid measures.If large amounts were swallowed, give water to drink
and get medical advice.
Skin Contact:
Not expected to require first aid measures. Wash exposed area with soap and water. Get medical
advice if irritation develops.
Eye Contact: ,
Not expected to require first aid measures. Wash thoroughly with running water. Get medical
advice if irritation develops.
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5. Fire Fighting Measures
i.e ; ..,-

Fire:
Not considered to be a fire hazard.
Explosion:
Not consideredto be an explosion hazard,
Fire Extingulshing Media:
Usc any means suitable for extinguishing surrounding fire.
Special Information:
Use protective clothing and breathing equipment appropriate for the surrounding fire.
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6. Accidental Release Measures
Ventilate area of leak or spill. Wear appropriate personal protective equipment as specified in
Section 8. Contain and recover liquid when possible . Collect liquid in an appropriate container or
absorb with an inert material (e. g., vermiculite, dry sand, earth), and place in a chemical waste
container. Do not use combustible materials, such as saw dust. US Regulations (CERCLA) require .
reporting spills and releases to soil , water and air in excess of reportable quantities. The toll free
number for the US Coast Guard National Respon se Center is (800) 424-8802.
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7. Handling and Storage
Keep in a tightly closed container, stored in a cool, dry, ventilated area. Protect against physical
damage. Containers of this material may behazardous when empty since they retain product
residues (vapors, liquid); observe all warnings and precautions listed for the product.
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8. Exposure ControlslPersonal Protection
Airborne Exposure Limits:
None established.
Ventilation System:
In general, dilution ventilation is a satisfactory health hazard control for this substance. However,
if conditions of use create discomfort to the worker, a local exhaust system should be considered,
Personal Respirators (NIOSH Approved):
Not expected to require personal respirator usage.
Skin Protection:
Wear protec tive gloves and clean body-covering clothing..
Eye Protection:
Use chemical safety goggles and/or a full face shield where splashing is possible. Maintain eye
wash fountain and quick-drench faciliti es in work area .
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9. Physical and Chemical Properties
Appearance:
Yellow liquid.
Odor:
Odorless.
Solubility:
Complete (100%)
Specific Gravity:
No information found .
pH:
7.0



% Volatiles by volume @ 21C (70F):
ca, 98
Boiling Point:
No information found.
Melting Point:
No information found.
Vapor Density (Air=l):
Not applicable.
Vapor Pressure (mm Hg):
Not applicable.
Evaporation Rate (BuAc=l):
No information found.
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10. Stability and Reactivity

Stability:
Stable under ordinary conditions of use and storage.
Hazardous Decomposition Products:
Oxides of phosphorous. sodium and carbon may be formed when heated to decomposit ion.
Hazardous Polymerization:
Will not occur.
Incompatibilities:
No information found.
Conditions to Avoid:
No information found.
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11. Toxicological Information
- - - - -- - -\Cancer Lists\-- - - - - - - - - - - ----- ----- - - ---- - - ------- - - - - ----- - -------

---NTP Carcinogen-- -
Ingr edi ent Known Anticipated IARC Category

Potassium Phosphate Monobasic
(7778-77-0 )
sodium phosphat e, Di basic
(7 558-7 9- 4)
Propylene Glycol (57 - 55- 6)
FD « C Yellow NO. 5 (1934-21-0 )
Water (7732 -18-5)
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12. Ecological Information

Environmental Fate:
No information found.
Environmental Toxicity:
No information found.

No

NO

No
No
NO

NO

No

No
NO
No

= .....; - ..

None

None

None
None
None
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13. Disposal Considerations
Whatever cannot be saved for recovery or recycling should be managed in an appropriate and
approved waste disposal facility. Processing, use or contamination of this product may change the
waste management options. State and local disposal regulati ons may differ from federal disposal
regulations. Dispose of container and unused contents in accordance with federal, state and local
requirements.
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14. Transport Information
Not regulated.
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15. Regulatory Information
---- - - - - \Chemical Inventory St a t us - Par t 1\ - - - - - - - - - --------- - - - - - - - - - - - - - - -
I ng r edien t TSCA EC Japan Austra l ia

potassium phosphat@ Monobasic (7778-77-0)
Sodium Phosphate , Dibasic (7558-79-4)
propylene Gl yc o l (57 -55-6)
FD & C Yellow No. 5 (1 93 4-21 - 0 )
Water (773 2-18-5)

---- -- ---
'les 'les 'les 'les
'les Yes Yes Yes
'les Yes Yes 'le s
'les Yes Yes 'lea
Yes Yes Ye s Yes

- - - ----- \ Chemical Inve ntory St a tus - Part 2\------- - --------- -- - - - - - - - - ---- - -
- -Canada--

Ingredi ent Korea DSL NDSL Phil.

Potassium Phosphate Monobasic (7778-77 -0 ) Yes Ye s No Yes
Sodium Phosphate . Dibasic (7558 - 79- 4 ) Yes Yes No Ye S
propylen@ Gl yco l (5 7-55-6) Ye s Yes No Ye s
FD & C Y@l low No. 5 (1934-21 -0) Yes Yes No Yes
Water (7732-18-5 ) 'les Ye s NO Yes

- -- - - - - - \ Fe der a l , Scate & International Regulations - Par t 1 \- - ------ - - - --·· - -
-SARA 302 - ------SARA 313 - - ----

Ingredient RQ TPQ List Chemical Ca tg .

potassium Phosphate Monobasic (7778 -77 -0) NO
Sodium Phosphate, Dibasic (755 8-79-4 ) No
pr opylene Gl y col (57 - 55-6) No
FD & C Yel low No. 5 (1934 -21 -0) No
Water (7732 -18-5) No

No
No
No
No
No

No
No
No
No
NO

NO
No
No
No
No

--- - - - - -\Fe de r al . State & I n t e rna t i ona l Regul at i on s - Part 2\-- - - - - - - - - ------
-RCRA- - TSCA-

Ingredien t CERCLA 261. 33 8(d}

Potassium phosphate Monobasic
(7778 - 77- 0)
Sodium Phosphate , Dibasic (7558-79- 4)
Propylene Gl ycol (57-55 -6 )
FD & C Yel low No . 5 (1 934 -21-0)
Wa t e r (7732 -18-S )

NO

5000
No
No
No

No

No
No
No
No

NO

No
No
No
No

, Chemi c a l Weapons Convention : No TSCA l2(bl : No CDTA : No
.' SARA 31 1 /3 12 : Acute : No Chroni c : NO Fire: No Pr e s s ur e : No

Reactivity : NO (Mixture / Liquid)



Australian Hazchem Code: None allocated.
Poison Schedule: None allocated .
WHMIS:
This MSDS has been prepared according to the hazard criteria of the Controlled Products
Regulation s (CPR) and the MSDS contains all of the infonnation required by the CPR.
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16. Other Information
NFPA Ratings: Health: 0 Flammability: 0 Reactivity: 0
Label Hazard Warning:
As part of good industrial and personal hygiene and safety procedure, avoid all unnecessary
exposure to the chemical substance and ensure prompt removal from skin, eyes and clothing.
Label Precautions:
None.
Label First Aid:
Not applicable.
Product Use:
Laboratory Reagent.
Revision Information:
No Changes .
Disclaimer:
************.*~ ~ ** * ******************************************************** * * **

*************. ***
Mallinckrodt Baker, Inc. provides the information contained herein in good faith but makes
no representation as to its comprehensiveness or accuracy. This document is intended only
as a guide to the appropriate precautionary handling of the material by a properly trained
person using this product. Individuals receiving the information must exercise their
independent judgment in determining its appropriateness for a particular purpose.
MALLINCKRODT BAKER, INC. MAKES NO REPRESENTATIONS OR
WARRANTIES, EITHER EXPRESS OR IMPLIED, INCLUDING WITHOUT
LIMITATION ANY WARRANTIES OF M:ERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE WITH RESPECT TO THE INFORMATION SET FORTH
HEREIN OR THE PRODUCT TO WHICH THE INFORMATION REFERS.
ACCORDINGLY, MALLINCKRODT BAKER, INC. WILL NOT BE RESPONSIBLE
FOR DAMAGES RESULTING FROM USE OF OR RELIANCE UPON THIS
INFORMATION.
**********~~ * ******************* * ** **** ***** *******.* *~***** * * * * * * ** * * * * * * * ****

*****************
Prepared by: Environmental Health & Safety
Phone Number: (314) 654-1600 (U.S.A.)



MSDS Number : BS641 .* * * * * Effecti v e Date : 05/08/03 * * * * * Supercedes: 08/02/00
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Buffer Solution (Biphthalate), pH 4 (Color Coded
Red)
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1. Product Identification
Synonyms: None.
CAS No.: Not applicable to mixtures.
Molecular WeIght: Not applicable to mixtures.
Chemical Fonnula: Not applicable to mixtures.
Product Codes: 5657
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2. CompositionlInformation on Ingredients
Ingredient

Wa ter
Pot as s i um Acid Ph t halate
Propy l €ne Glycol
FD & C Red No. 40

CAS No

77 32 - 18- 5
877-24-7
57 - 55 -6
2 59 56-17- 6

Perc€n t Hazardous

97 - 98 % No
1 - 2% Yes

"" 1% No
"" 1% NO
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3. Hazards Identification
Emergency Overview

CAUTION! MAY CAUSE IRRITATION TO SKIN AND EYES.

J.T. Baker SAF-T-DATA(tm) Ratings (Provided here for your convenience)

Health Rating: 0 - None
Flammability Rating: 0 • None
Reactivity Rating: 0 - None
Contact Rating: 1 - Slight
Lab Protective Equip: GOGGLES ; LAB COAT
Storage Color Code: Orange (General Storage)
~--- ~~ ~.w~_. ~ ~~ ___



Potential Health Effects

Information on the human health effects from exposure to this substance is limited.

Inhalation:
Not expected to be an inhalation hazard. May cause irritation to respiratory tract because of slight
acidity. Symptoms may include coughing and sore throat.
Ingestion:
Large doses may produce nausea, vomiting, and abnormal sensations in hands and feet. Because of
slight acidity, causes irritation to the mucous membranes.
Skin Contact:
Contact may cause irritation, with redness and pain .
Eye Contact:
May cause eye irritation.
Chronic E"..posure:
No information found.
Aggravation of Pre-existing Conditions:
No infonnation found .
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4. First Aid Measures
Inhalation:
Remove to fresh air. Get medical attention for any breathing difficulty.
Ingestion:
If large amounts were swallowed, give water to drink and get medical advice.
Skin Contact:
Immediately flush skin with plenty of water for at least 15 minutes. Remove contaminated clothing
and shoes. Wash clothing before reuse, Thoroughly clean shoes before reuse. Get medical attention
if irritation develops.
Eye Contact:
Immediately flush eyes with plenty of water for at least 15 minutes, lifting upper and lower eyelids
occasionally. Get medical attention if irritation persists.
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5. Fire Fighting Measures
,•• "".. _ e" "", __ :;;;:;;_','''(\''¢'''" ,'w .. "".J,_

Fire:
Not expected to be a fire hazard.
Explosion: .
No information found. .
Fire Extinguishing Media:
Use any means suitable for extinguishing surrounding fire .
Special Information:
In the event of a fire, wear full protective clothing and NlOSH-approved self-contained breathing
apparatus with full faccpicce operated in the pressure demand or other positive pressure mode.
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6. Accidental Release Measures
Ventilate area of leak or spill . Wear appropriate personal protective equipment as specified in
Section 8. Contain and recover liquid when possible. Collect liquid in an appropriate cont ainer or

. absorb with an inert material (e. g., vermiculite , dry sand, earth), and place in a chemical waste
container. Do not use combustible materials, such as saw dust.
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7. Handling and Storage
Keep in a tightly closed container, stored in a cool, dry, ventilated area. Protect against physical
damage. Containers of this material may be hazardous when empty since they retain produc t
residues (vapors , liquid); observe all warnings and precautions listed for the product.
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8. Exposure Controls/Personal Protection
Airborne Exposure Limits:
None established.
Ventilation System:
In general , dilution ventilation is a satisfactory health hazard control for this substance. However,
if conditions of use create discomfort to the worker, a local exhaust system should be considered .
Personal Respirators (NIOSH Approved):
Not expected to require personal respirator usage.
Skin Protection:
Wear protective gloves and clean body-covering clothing.
Eye Protection:
Usc chemical safety goggles. Maintain eye wash fountain and quick-drench facilities in work area.
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9. Physical and Chemical Properties
Appearance:
Clear, reddish liquid.
Odor:
Odorless.
Solubility:
Completely soluble in water.
Specific Gravity:
No information found.
pH:
4.0
% Volatiles by volume @ 21C (70F):
ca. 98
Boiling Point:



No informationfound.
Melting Point:
No infonnation found.
Vapor Density (Air=l):
No information found.
Vapor Pressure (nun Hg):

. No information found.
Evaporation Rate (BuAc=l):
No information found.
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10. Stability and Reactivity
:S.. i , U_ .•HS' , . .. . j L, ",j, iiALli. ;a LWMOnt, · XCi.

Stability:
Stable under ordinaryconditions of use and storage.
Hazardous Decomposition Products:
Carbon dioxide and carbon monoxide mayform when heated to decomposition.
Hazardous Polymerization:
Will not occur.
Incompatibilities:
No informationfound.
Conditions to Avoid:
Heat, incompatibles.

11. Toxicological Information
Ii" ,; i._

No LD50ILC50 information found relating to normal routes of occupational exposure.
--------\Cancer Lists\------------------------------------------------------

---NTP Carcinogen---
Ingredient Known Anticipated IARC Category

Water (7732-19-5)
Potassium Acid Phthalate (877-24 -7)
Propylene Glycol (57-55-6)
PD & C Red No. 40 (25956-17-6)

NO
NO
NO
NO

No
NO
NO
NO

None
None
None
None
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12. Ecological Information
Environmental Fate:
.No information found.
Environmental Toxicity:
No information found.
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13. Disposal Considerations

Whatever cannot be saved for recoveryor recycling should be managedin an appropriate and
approved wastedisposal facility. Processing. usc or contamination of this productmay change the



waste management options. State and local disposal regulations may differ from federal disposal
regulations. Dispose of container and unused contents in accordance with federal, state and local
requirements.
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14. Transport Information

Not regulated .
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15. Regulatory Information
---~- - - - \Chemica1 I nve n t ory St atus - Pa rt 1\------- - - - -- - --- - - - - - - - - - - - ----- -
I ngredien t TSCA EC Japan Aus t r a lia

wa ter (7732 -18 -5)
potassium Acid Phthalate (87 7 -24-7)
Pr opylene Gl ycol (57-55-6)
FD & C Red No. 40 (25956-l7 - 6)

---- ---- -
Yes Yea Yea Ye s
Yea Yea Yes Ye s
Yes Yes Yes Ye.s
Yes Yes No Yea

-- - --- --\~hemica1 I nv e n t o ry Status - Part 2\ - ---- - - - - - ----- - - --- - - - - - ------- -
--Canada- -

I ng r ed i e n t Korea DSL NDSL phil.

Water (7732-18 -5)
potassium Acid phthalate (877 -2 4-7)
propylene Glycol (5 7 -55 -6)
FD & C Red No. 40 (2 595 6-17-61

Yes Yea NO
yea Yes NO
Yes Yes No
Yes Yes No

Yes
Yes
Yes
Yes

---- - - - - \ Fed e r a l , State & International Regulations - Part 1\----------------
- SARA 302- ----- -SARA 313------

Ingredient RQ TPQ List Chemical Catg .

Water (773 2-18 -5)
Potassium Acid Phthalate (877-24-7)
Propylene Glycol (57- 55 - 6)
FO & C Red No . 40 (25956- 17- 6)

No
NO
No
No

NO
No
NO
No

No
No
No

·No

No
No
No
NO

- - --- - - - \Federal . State & I nternat iona l Regulations - part 2\ ----------------
- RCRA- - TSCA-

Ingred ient CERCLA 261 . 3 3 8 (d )

Water (7732-18- 5) No
Potassium Acid Ph thalate (877-24-7) No
Propylene Glycol (57-55-6 ) NO
FO & C Red No . 40 (2 595 6-17-6) No

No
NO
No
No

No
No
No
No

Chemi c a l Weapons Convention : No TSCA 12(b) : No CDTA: No
SARA 31 1 /3 12: Ac u t e: No Chroni c : No Fi r e : No Pressure: No
Reactiv ity : No (Mi x ture / Li qu i d )

Australian Hazchem Code: None allocated .
Poison Schedule: None allocated .
WIIMIS:
This MSDS has been prepared according to the hazard criteria of the Controlled Products
Regulations (CPR) and the MSDS contains all of the information required by the CPR.
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16. Other Information
NFPA Ratings: Health; 1 Flammability; 0 Reactivity: 0
Label Hazard Warning:

. CAUTIONI MAY CAUSEffi.RITATIONTO SKlN AND EYES.
Label Precautions:
Avoid contact with eyes, skin and clothing.
Keep container closed.
Wash thoroughly after handling.
Label First Aid:
In case of contact, immediately flush eyes or skin with plenty of water for at least 15 minutes. Get
medical attention if irritation develops or persists.
Product Use:
Laboratory Reagent.
Revision Information:
No Changes.
Disclaimer:
••••****************************************. **********************************
*****************
Mallinckrodt Baker, Inc. provides the information contained herein in good faith but makes
no representation as to its comprehensiveness or accuracy. This document is intended only
as a guide to the appropriate precautionary handling of the material by a properly trained
person using this product. Individuals receiving the information must exercise their
independent judgment in determining its appropriateness for a particular purpose.
MALLINCKRODT BAKER, INC. MAKES NO REPRESENTATIONS OR
WARRANTIES, EITHER EXPRESS OR IMPLIED, INCLUDING WITHOUT
LIMITATION ANY WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE WITH RESPECT TO THE INFORMATION SET FORTH
HEREIN OR THE PRODUCT TO WHICH TIlE INFORMATION REFERS.
ACCORDINGLY, MALLINCKRODT BAKER, INC. WILL NOT BE RESPONSIBLE
FOR DAMAGES RESULTING FROM USE OF OR RELIANCE UPON THIS
INFORMATION.
****************************************-****************** ***************.** * ~~

*****************
Prepared by: Environmental Health & Safety
Phone Number: (314) 654·1 600 (U.S.A.)



Material Safety Data Sheet
August 1, 2001

YSI Incorporated
1725 Brannum Lane

Yellow Springs, OH   45387
USA

Information  and  Emergency Phone:  (937) 767-7241
Page 1 of 2

SECTION 1 - MATERIAL IDENTIFICATION

PRODUCT NAME:  YSI  3682   Zobell  Solution                                     FORMULA:   n/ap
Chemical Type:           Inorganic  chloride / cyanide                                                                                                       
CAS No.       n/app            

SECTION  2  -  HAZARDOUS / IMPORTANT INGREDIENTS

Chemical CAS No. PERCENT PEL/TLV CARCINOGEN
(OSHA, NTP, IARC)

Potassium chloride 7447-40-7 72 - 78% none no

Potassium ferrocyanide, trihydrate 14459-95-1 10 - 15% none no

Potassium ferricyanide 13746-66-2 10 - 15% none no

SECTION 3  -  CHEMICAL AND PHYSICAL PROPERTIES

Appearance:       white powder                                                      Boiling Point:               n/av                             
Odor:                 none                                                                    Melting Point:              n/av                             
pH:                    neutral                                                                 Specific Gravity:          n/av                             
Water Solubility:          infinite                                                       Vapor Pressure:          n/ap                             
Evaporation Rate:        n/av                                                           Vapor Density:             n/ap                             

SECTION  4  -  FIRE AND EXPLOSION HAZARDS

Flash Point:  none                    Explosive Limits:   none
Extinguishing Media:  n/ap     
Special Firefighting Procedures and Hazards:  Material is not combustible. May emit toxic fumes when heated, such as
NOx, HCN. HCl.  Wear protection as described in Section 6.

SECTION 5 - REACTIVITY INFORMATION

Stable:         X    Unstable:           Precautions:      none known                                                    
Hazardous Polymerization:     Occurs:                      Does Not Occur:           X        
Incompatibility:       strong acids and oxcidizing agents.                                                                                      
Hazardous Decomposition Products:    When heated, possibly NOx, HCN, HCl.                                                 



YSI   3682 Page 2 of 2 August 1, 2001

SECTION 6  -  HEALTH HAZARDS / PROTECTIVE MEASURES / FIRST AID

Inhalation:
Possible irritation from dusts.  (see CHRONIC below)
Use a NIOSH approved respirator for dusts.  Get supplier recommendations.  Provide adequate ventilation. 
Minimize dusty conditions.
Remove to fresh air and provide artificial respiration if needed.

Skin:
Possible irritation from dusts. (see CHRONIC below)
Wear dust-proof gloves and other body protection as needed.  Minimize dusty conditions.
Wash exposed areas with soap and water for 15 minutes.  Remove contaminated clothing, and wash

before re-using.
Eyes:

Possible irritation from dust.
Wear dust barrier goggles. Eliminate dusty conditions.
Flush with water for 15 minutes.

Ingestion
No effects expected from normal use and minor amounts ingested.  Large amounts, over 1 tablespoon, can cause
digestive system upset s. (see CHRONIC below)
Reduce dusting. Avoid mouth breathing. Use facemask. Provide adequate ventilation.
Avoid swallowing.  Spit out. Drink large amounts of water.  Induce vomiting if person is conscious. Otherwise, 
and if effects persist, get medical attention.

CHRONIC EFFECTS:  None reported for this material.  “Cyanides” in general are often reported as toxic to humans.
Therefore, it is recommended that exposure via skin, inhalation, and ingestion be limited.

IN ALL CASES:  GET MEDICAL ATTENTION IF EFFECTS PERSIST.

Most likely routes of entry: skin, eyes, ingestion.

SECTION 7 - PRECAUTIONS FOR SAFE HANDLING AND USE

Spills and Leaks: Take up powder in any container and hold for disposal. Flush residual to sewer or ground.  Provide
personal protection as described in Section 6.

Storage and Handling: Keep containers closed.  Discard any material that may be contaminated.  Minimize dusting.

Waste Disposal:  Is not listed as RCRA hazardous waste at this date. Cyanides are restricted in water disposed to
streams and to sewers. Therefore, landfill disposal is indicated; check with local disposal companies.

Empty Containers: Rinse well.  Dispose as appropriate for glass and plastic containers.

SECTION  8  -  REGULATORY  INFORMATION

DOT: Not regulated.
SARA Title III, S.313, Form R: Nothing reportable.
                                                                                                                                                                                    

The information contained herein is based on data available at this time and is believed to be accurate.  However, no warranty
is expressed or implied regarding the accuracy of these data or the results to be obtained from the use thereof.  Since
information contained herein may be applied under conditions beyond our control, and with which we may  be unfamiliar, no
responsibility  is assumed for the results of its use.  The person receiving this information shall make his own determination of
the suitability of the material for his particular use.
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DRAFT FINAL 

Attachment 9 
Behavioral Based Loss Prevention Field Forms 
Activity Hazard Analysis 
Pre-Task Safety Plans 
Incident Report Form 
Safe Work Observation Form 
Incident & Near-Loss Investigation Report Form 
Root Cause Analysis Form 



ACTIVITY HAZARDS ANALYSIS 

Activity Hazard Analysis 
Decontamination of Equipment 

Analyzed By/Date                      
Reviewed By/Date:        

Principal Tasks Potential Hazards Recommended Controls (Level D PPE 
site wide for all operations) 

General Activity Slips, trips, falls • Use care during foot travel, and clear the area of 
slip and trip hazards 

• Use barricades 
• Use guardrails 
• Cover holes. 

 Muscle Strain / Back Injury • Use proper lifting technique. 
• Buddy system for heavy lifts 
• Use lifting/transport equipment 

Decon/Cleaning of 
Equipment 

Contact with contaminated 
water 

• Wear required PPE 
• Utilize proper hand washing and hygiene controls 
• Avoid vapors 

Equipment to be 
Used 

Inspection 
Requirements Training Requirements 

Hand Tools,  Daily inspection of equipment 
prior to operation 

• Site specific training – Toolbox safety meetings 
• 40 hr Hazwoper 
• HazCom Training 

 
 



ACTIVITY HAZARDS ANALYSIS 

Activity Hazard Analysis  
Handling & Storing IDW 

Analyzed By/Date                                 
Reviewed By/Date:                    

Principal 
Tasks 

Potential Hazards Recommended Controls (Level D PPE site wide for all 
operations) 

General Activity Slips, trips, falls • Use care during foot travel, and clear the area of slip and trip hazards 
• Use barricades 
• Use guardrails 
• Cover holes. 

Moving drums 
or heavy 
equipment 

Muscle Strain / Back Injury • Use proper lifting technique. 
• Buddy system for heavy lifts 
• Use lifting/transport equipment  

 Crushing Injuries • Wear safety boots 
• Use care setting loads 
• Use blocks or support for loads 

Equipment 
to be Used 

Inspection 
Requirements Training Requirements 

Hand Tools,  Daily inspection of equipment 
prior to operation 

• Site specific training – Toolbox safety meetings 
• 40 hr Hazwoper 
• HazCom Training 

 



 
Activity Hazard Analysis (AHA) 

1 of 4 

Date:  
 

 
Activity: Mobilization 
 

Project:  Remedial Investigation 
ST. LOUIS ORDNANCE PLANT, FORMER HANLEY AREA,, ST. 
LOUIS, MO 
 
 
Field Team Leader/Site Safety Health Officer:   

 
Description of the work: Mobilization/Site preparation for sampling activities.  
 

Review for latest use: Each time before the job is performed.   
 

 
Task Breakdown 

 
Identify & Analyze the Hazards 

 

 
Identify Hazard Controls 

  
 
 
Mobilization/Site Setup 
Support Functions 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
General safety hazards at construction sites (i.e. 
Slips/Trips/Falls, noise, housekeeping, etc.) 
 
 
 
 
 
 
 
 

 
• Site work will be performed during daylight hours whenever 

possible. Work conducted during hours of darkness will require 
enough illumination intensity to read a newspaper without difficulty. 

• Hearing protection worn in areas where you need to shout to hear 
someone within 3 feet. 

• Good housekeeping must be maintained at all times in project work 
areas. 

• Common paths of travel established and kept free from 
accumulation of materials. 

• Provide slip-resistant surfaces, ropes, and /or other devices to be 
used. 

• Specific areas should be designated for the proper storage of 
materials. 

• Tools, equipment, materials, and supplies will be stored in an 
orderly manner. 

• As work progresses, scrap and unessential materials must be 
neatly stored or removed from the work area. 

• Containers should be provided for collecting trash and other debris 
and will be removed at regular intervals. 

• Spills will be cleaned up.  Oil and grease will be cleaned from 
walking and working surfaces. 



 
Activity Hazard Analysis (AHA) 
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Task Breakdown 

 
Identify & Analyze the Hazards 

 

 
Identify Hazard Controls 

  
 Chemical (chemicals brought to site) 

 
 
 
 
 
Traffic Hazards (Motor Vehicles) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Manual Lifting 
 
 
 
 
 
 
Fire Hazards 
 
 
 
 
 
Temperature Extremes 
 
 
 
 
 
Excessive Noise 
 
 
 

 All chemicals brought on site must be approved by 
CH2M HILL and must have MSDS on file at the 
site. 

 Chemicals must be stored in approved containers, 
no leaks, dents, rust etc. 

 
 All vehicles are visually inspected before operating. 
 All vehicles shall have properly functioning brake 

systems, brake lights, audible horn, powered wipers, 
defoggers/defrosters, and, if used in low visibility 
situations (dark, rain, etc.), headlights and taillights (two 
each). 

 Seat Belts will be worn at all times that vehicle is being 
operated. 

 Cracked or broken windshields or glass shall be 
reported to the vehicle coordinator. 

 All users shall have a valid driver’s license 
 All vehicles and equipment shall be operated in 

accordance with the manufacturer’s operating 
instructions. 

 
 Employees shall be instructed in safe lifting techniques.  

Back straight, bend at knees, load close to the body, lift 
smoothly, and do not twist. 

 Utilize material handling devices such as hand trucks. 
 Manual lifts of over 75 pounds require two people.  

Employees are encouraged to get help for any lift that 
appears excessive. 

 
 Storage areas and yards shall be kept free from 

accumulation of unnecessary combustible materials. 
 A fire extinguisher will be located in each vehicle and/or 

equipment 
 

 Employees shall be trained in the recognition of cold 
stress and appropriate actions to take 

 Personnel will be briefed on Heat Stress or Cold 
Exposure of Project Site Specific Health and Safety 
Plan 

 



 
Activity Hazard Analysis (AHA) 
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Task Breakdown 

 
Identify & Analyze the Hazards 

 

 
Identify Hazard Controls 

  
 
 
Portable Electric Tools 
 
 
 
 
 
 
 
 
 
 
Extension Cords 
 
 
 
 
 
 
 
 
Movement or transport of materials, 
supplies and equipment to the work site 
by manual and/or mechanical means 
 
 
 
 
Injury to eyes from airborne particulates, 
flying debris and chemical exposure 
 
 
 
Flammable Liquid Storage 
 
 
 
 
 
 
Stacking and storing of materials 
 

 Wear hearing protection in noise environments 
exceeding 85dBA. 

 
 Noise reduction requirements for hearing protection will 

be determined by Anderson & Associates. 
 

 Portable electric tools that are unsafe due to faulty 
plugs, damaged cords, or other reason shall be 
removed from service. 

 
 A Ground Fault Circuit Interrupter (GFCI) device shall 

protect portable electric tools and all cord and plug-
connected equipment 

 
 Extension cords that have faulty plugs, damaged 

insulation, or are unsafe in any way shall be removed 
from service. 

 Cords shall be protected from damage from sharp 
edges, projections, pinch points (doorways), and 
vehicular traffic. 

 Cords shall be suspended with a non-conductive 
support (rope, plastic ties, etc.) 

 Cords shall be inspected prior to, during, and after each 
use. 

 
 Wear at all times: hard hats, and sturdy, ankle high, 

safety-toed leather work boots and safety vests at all 
times.  Leather gloves shall be worn when handling 
materials with rough, sharp, or slippery surfaces. 

 
 

 Protective eyewear with side shields that meet the ANSI 
Z-87.1 standard shall be worn at all times.  If work 
conditions warrant, full-face shields, goggles, or 
chemical goggles must be worn 

 
 

 Storage of gasoline and diesel fuels shall only be stored 
in approved containers. 

 No hot work, welding, or smoking shall be allowed 
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Task Breakdown 

 
Identify & Analyze the Hazards 

 

 
Identify Hazard Controls 

  
 
 
 
 

within 50 ft of flammable and combustible liquid storage 
areas. 

 
 

 All materials stored in tiers shall be stacked, racked, 
blocked, interlocked, or in some means secured to 
prevent sliding, falling, or collapsing. 

 Cylindrical materials such as piping shall be blocked, 
bound, or racked to contain spreading or rolling. 

 Used lumber shall have all nails removed.  Lumber shall 
be stacked on level, supporting sills in such a way that it 
is stable and self-supporting 

 
EQUIPMENT TO BE USED 

 
INSPECTION REQUIREMENTS 

 

   
 
 

PRINT    SIGNATURE 
 
Supervisor Name:           Date/Time:      
 
Safety Officer Name:          Date/Time:      
 
Employee Name(s):          Date/Time:      
 
            Date/Time:      
 
            Date/Time:      
 
            Date/Time:      
 
            Date/Time:      
 
            Date/Time:      
 
            Date/Time:      
 
            Date/Time:      
 
            Date/Time:      
 
            Date/Time:      



ACTIVITY HAZARD ANALYSIS (AHA) 

ACTIVITY NAME:  GROUNDWATER SAMPLING –REMEDIAL 
INVESTIGATION. HANLEY AREA, FORMER ST. LOUIS ORDNANCE 
PLANT, ST. LOUIS, MO 
 

DATE:  
 

NEW___  
 
REVISED____ 

 
PAGE ____OF ____ 

ASSOCIATE(S)/JOB TITLE PERFORMING THE JOB/TASK: SUPERVISOR(S): 
 

ANALYSIS PERFORMED BY: 
 

PROJECT NAME AND JOB/TASK LOCATION: 
 

DEPARTMENT(S): 
 

REVIEWED BY: 
 

PERSONAL PROTECTIVE EQUIPMENT: 
 

SHIFT (if applicable): 
 

APPROVED BY: 
 

JOB STEPS POSSIBLE HAZARDS PROCEDURE/ACTION TO CONTROL OR ELIMINATE 

1.  Mobilization and 
travel between wells 

Vehicle Operation 
1) Opening/closing doors, windows and 

trunk 
2) Loading objects  
3) Driving 
4) Parking 
5) Distractions 
6) Emergency preparedness 

 

1)     Keep fingers and hands free from pinch points 
2) Use a golfer lift (raise one leg) while removing items from trunk. 
3) Follow the Smith System’s “5 keys of Safe Driving".  

a)  Aim high in steering 
        b)  Get the Big picture 
        c)  Keep your eyes moving 
        d)  Leave yourself an out 
        e)  Make sure others see you 
4) Park in a manner that will allow for safe exit from vehicle, and where practicable, park   vehicle so 

that it can serve as a barrier 
5) Do not do the following while driving: 

a)  Talk on a mobile phone 
b)   Eat or drink 
c)   Take your eyes off of the road to adjust radio  

6)    Wear seat belt, maintain a first aid kit, and inform others of travel plans. 
  Traffic 

1)    Struck by 1) The following precautions must be taken when working around traffic: 
a) Exercise caution when exiting traveled way or parking along street – avoid sudden   

•         stops, use flashers, etc. 
b) Park in a manner that will allow for safe exit from vehicle, and where practicable, park 

vehicle so that it can serve as a barrier. 
c) Wear reflective/high-visibility safety vests. 
d) Eye protection should be worn to protect from flying debris. 
e) Remain aware of factors that influence traffic related hazards and required controls – sun 

glare, rain, wind, flash flooding, limited sight-distance, hills, curves, guardrails, width of 
shoulder, etc. 

f) Always remain aware of an escape route -- behind an established barrier, parked vehicle, 
guardrail, etc. 

g) Always pay attention to moving traffic – never assume drivers are looking out for you 
 



2. 
 
Sampling and IDW  
Management 

Slip/ Trip/ Fall 

1) Walking 

2) Sampling (cords and tubing from 
well wizards, air compressors) 

 

1) Precautions to take while sampling monitoring wells: 
a) Maintain housekeeping (i.e. hoses, debris, standing water, etc.) 

i. Store sampling equipment out of the way when it is not in use 
ii. Be aware of placement of cords and hoses from compressors and other 

equipment 
iii. Clean up any spills before continuing work 

  Chemical Exposure 
1) Field instrument calibration 

chemicals, sample preservative 
chemicals, decontamination 
solutions, untreated groundwater, 
compressor gasoline and oil 

 

1) Review the "Site Specific Health and Safety Plan". 
a) Contaminants of Concern Table 
b) Refer to Personal Protective Equipment Schedule 
c) Refer to air monitoring 
d) Personal hygiene 

i. No eating, drink or smoking. 
ii. Wash hands and face after performing task 

2) To prevent exposure from chemicals: 
a) Review Material Safety Data Sheet (MSDS). 
b) Utilize Personal Protective Equipment  identified in this  Health and Safety Plan  
c) Label all  bottles and containers 
d) Store chemicals in properly labeled containers 

3. 
 
Material Handling and ID
Management Lifting Objects (sample coolers, 

compressors) 

1) Back Strain 
2) Crushed appendages, scrapes, 

abrasions and cuts  
 

1) Utilize a material handling device to lift any object >25 pounds.  For all other manual lifting, follow 
these recommendations: 
a) Stand with your feet at least shoulder distance apart. 
b) Position your feet to face the direction of travel. 
c) Slightly bend your knees.  
d) Start to squat, bending your hips and knees, not your waist.  
e) Keep load close to body and raise yourself using your leg and hip muscles. 
f) Tighten your stomach muscles as you lift. 
g) Avoid twisting movements. 

2) Prevent crush hazards by:  
a) Not positioning fingers or toes under object 
b) Wearing steel toed or safety toed boots 

3) Prevent abrasions, scrapes and cuts by: 

a) Being aware of sharp edges and other parts of stainless steel wells 

b) If sample containers break, clean up broken glass and dispose of in a puncture proof 
container. 

c) Decontamination procedures must also be followed if the broken container contained 
chemical preservative or untreated groundwater.           



PRINT NAME   SIGNATURE 
 
Supervisor Name:          Date/Time:      
 
Safety Officer Name:          Date/Time:      
 
Employee Name(s):          Date/Time:      
 
 
            Date/Time:      
 
 
            Date/Time:      
 
 
            Date/Time:      
 
 
            Date/Time:      



ACTIVITY HAZARD ANALYSIS 

Activity Hazard Analysis 
Soil & Sediment Sampling 

Analyzed By/Date                        
Reviewed By/Date:      

Principal Tasks Potential Hazards Recommended Controls 
(Level D PPE site wide for all 

operations) 

General Activity Slips, trips, falls • Use care during foot travel, and 
clear the area of slip and trip 
hazards 

• Use barricades 
• Use guardrails 
• Cover holes. 

 
Muscle Strain / Back Injury • Use proper lifting technique. 

• Buddy system for heavy lifts 
• Use lifting/transport equipment 

 
Crushing Injuries • Use caution when setting loads.   

• Wear required PPE. 

Digging/Extracting Materials Struck by equipment/objects • Wear required PPE 
• Handling all sampling tools 

carefully – following SOPs for 
hand tools 

 Contact with soils • Wear required PPE 
• Utilize proper hand washing and 

hygiene controls 
• Avoid vapors 

Equipment to be Used Inspection 
Requirements Training Requirements 

Trucks, Hand Tools,  Daily inspection of equipment 
prior to operation 

• Utilize only trained and 
experienced operators for 
operation of equipment. 

• Site specific training – Toolbox 
safety meetings 

• 40 hr Hazwoper 
• HazCom Training 

Hazwoper = hazardous waste operations and emergency response - HazCom = OSHA Hazard Communications 
Standard (1910.1200) 
 



ACTIVITY HAZARD ANALYSIS (AHA) 

ACTIVITY NAME:  SURFACE WATER  SAMPLING –REMEDIAL 
INVESTIGATION. ST. LOUIS ORDNANCE PLANT, FORMER HANLEY 
AREA, ST. LOUIS, MO 
 

DATE:  
 

NEW___  
 
REVISED____ 

 
PAGE ____OF ____ 

ASSOCIATE(S)/JOB TITLE PERFORMING THE JOB/TASK: SUPERVISOR(S): 
 

ANALYSIS PERFORMED BY: 
 

PROJECT NAME AND JOB/TASK LOCATION: 
 

DEPARTMENT(S): 
 

REVIEWED BY: 
 

PERSONAL PROTECTIVE EQUIPMENT: 
 

SHIFT (if applicable): 
 

APPROVED BY: 
 

JOB STEPS POSSIBLE HAZARDS PROCEDURE/ACTION TO CONTROL OR ELIMINATE 

1.  Mobilization and travel 
between sampling 
locations 

Vehicle Operation 
1) Opening/closing doors, 

windows and trunk 
2) Loading objects  
3) Driving 
4) Parking 
5) Distractions 
6) Emergency preparedness 

 

1)     Keep fingers and hands free from pinch points 
2) Use a golfer lift (raise one leg) while removing items from trunk. 
3) Follow the Smith System’s “5 keys of Safe Driving".  

a)  Aim high in steering 
        b)  Get the Big picture 
        c)  Keep your eyes moving 
        d)  Leave yourself an out 
        e)  Make sure others see you 
4) Park in a manner that will allow for safe exit from vehicle, and where practicable, park   vehicle so 

that it can serve as a barrier 
5) Do not do the following while driving: 

a)  Talk on a mobile phone 
b)   Eat or drink 
c)   Take your eyes off of the road to adjust radio  

6)    Wear seat belt, maintain a first aid kit, and inform others of travel plans. 
  Traffic 

1)    Struck by 1) The following precautions must be taken when working around traffic: 
a) Exercise caution when exiting traveled way or parking along street – avoid sudden  stops, 

use flashers, etc. 
b) Park in a manner that will allow for safe exit from vehicle, and where practicable, park 

vehicle so that it can serve as a barrier. 
c) Wear reflective/high-visibility safety vests. 
d) Eye protection should be worn to protect from flying debris. 
e) Remain aware of factors that influence traffic related hazards and required controls – sun 

glare, rain, wind, flash flooding, limited sight-distance, hills, curves, guardrails, width of 
shoulder, etc. 

f) Always remain aware of an escape route -- behind an established barrier, parked vehicle, 
guardrail, etc. 

g) Always pay attention to moving traffic – never assume drivers are looking out for you 
 



2. 
 
Sampling and IDW  
Management 

Slip/ Trip/ Fall 

1) Walking 
 

1) Precautions to take while sampling surface water: 
a) Maintain housekeeping (i.e. standing water, etc.) 

i. Store sampling equipment out of the way when it is not in use 
 

  Chemical Exposure 
1) Field instrument calibration 

chemicals, sample 
preservative chemicals, 
decontamination solutions, 
untreated surface water 

 

1) Review the "Site Specific Health and Safety Plan". 
a) Contaminants of Concern Table 
b) Refer to Personal Protective Equipment Schedule 
c) Refer to air monitoring 
d) Personal hygiene 

i. No eating, drink or smoking. 
ii. Wash hands and face after performing task 

2) To prevent exposure from chemicals: 
a) Review Material Safety Data Sheet (MSDS). 
b) Utilize Personal Protective Equipment  identified in this  Health and Safety Plan  
c) Label all  bottles and containers 
d) Store chemicals in properly labeled containers 

3. 
 
Material Handling and IDW 
Management Lifting Objects (sample coolers, 

compressors) 

1) Back Strain 
2) Crushed appendages, 

scrapes, abrasions and cuts 
 

1) Utilize a material handling device to lift any object >25 pounds.  For all other manual lifting, follow 
these recommendations: 
a) Stand with your feet at least shoulder distance apart. 
b) Position your feet to face the direction of travel. 
c) Slightly bend your knees.  
d) Start to squat, bending your hips and knees, not your waist.  
e) Keep load close to body and raise yourself using your leg and hip muscles. 
f) Tighten your stomach muscles as you lift. 
g) Avoid twisting movements. 

2) Prevent crush hazards by:  
a) Not positioning fingers or toes under object 
b) Wearing steel toed or safety toed boots 

3) Prevent abrasions, scrapes and cuts by: 

a) Being aware of sharp edges and other parts of stainless steel wells 

b) If sample containers break, clean up broken glass and dispose of in a puncture proof 
container. 

c) Decontamination procedures must also be followed if the broken container contained chemical
preservative or untreated surface water. 

 



PRINT NAME   SIGNATURE 
 
Supervisor Name:          Date/Time:      
 
Safety Officer Name:          Date/Time:      
 
Employee Name(s):          Date/Time:      
 
            Date/Time:      
 
            Date/Time:      
 
            Date/Time:      
 
            Date/Time:      
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ACTIVITY HAZARD ANALYSIS 

Date:   
 

Activity:  Surveying 

Project: Remedial Investigation 
ST. LOUIS ORDNANCE PLANT, FORMER HANLEY AREA, ST. LOUIS, MO 
 
Site Safety Health Officer:   Description of the work:  Surveying of various sampling activities across 

the site. 

Review for latest use: Before the job is performed. 
 

 Work Activity Sequence 
(Identify the principal steps involved and the sequence 

of work activities) 

 

Potential Health and Safety Hazards 
(Analyze each principal step for potential hazards) 

Hazard Controls 
(Develop specific controls for each potential hazard) 

  

Surveying 
 
Equipment on this task: 

Survey Transit 

 Exposure to laser beam  Personnel must not aim, nor look at any laser 
beam emitted by the transit. 

 Care must be taken to prevent inadvertent aiming 
at non-survey personnel. 

 
  Hard hat constantly bumping instrument and hard 

hat falling off head. 
 Instrument man may turn hard hat backwards 

while looking through the transit. 
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ACTIVITY HAZARD ANALYSIS 

 

PRINT    SIGNATURE 
 
Supervisor Name:          Date/Time:      
 
Site Safety  
Health Officer Name:          Date/Time:      
 
Employee Name(s):          Date/Time:      
 
            Date/Time:      
 
            Date/Time:      
 
            Date/Time:      
 
            Date/Time:      
 
            Date/Time:      
 
            Date/Time:      
 
            Date/Time:      
 
            Date/Time:      
 
            Date/Time:      
 
            Date/Time:      
 
            Date/Time:      
 
            Date/Time:      
 
            Date/Time:      
 
            Date/Time:      
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Pre-Task Safety Plan (PTSP)  

Project: ________________________ Location: _______________________Date:__________________________ 

Supervisor:  ________________________________  Job Activity:_______________________________________ 
  _____________________________________________________________________________________________         

Task Personnel: 
_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________________________________________ 

List Tasks: 

_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________________________________________ 

Tools/Equipment Required for Tasks (ladders, scaffolds, fall protection, cranes/rigging, heavy equipment, power tools): 

_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________________________________________ 

Potential H&S Hazards, including chemical, physical, safety, biological and environmental (check that apply): 

__ Chemical  burns/contact __ Trench, excavations, cave-ins __ Ergonomics 
__ Pressurized lines/equipment __ Overexertion __ Chemical splash 
__ Thermal burns __ Pinch points __ Poisonous plants/insects 
__ Electrical __ Cuts/abrasions __ Eye hazards/flying projectile 
__ Weather conditions __ Spills __ Inhalation hazard 
__ Heights/fall > 6 feet __ Overhead Electrical hazards __ Heat/cold stress 
__ Noise __ Elevated loads __ Water/drowning hazard 
__ Explosion/fire __ Slips, trip and falls __ Heavy equipment 
__ Radiation __ Manual lifting __ Aerial lifts/platforms 
__ Confined space entry __ Welding/cutting __ Demolition 
Other Potential Hazards (Describe): 

_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________________________________________ 

 



 

  

Hazard Control Measures (Check That Apply): 
PPE 
__ Thermal/lined 
__ Eye 
__ Dermal/hand 
__ Hearing 
__ Respiratory 
__ Reflective vests 
__ Flotation device 

Protective Systems 
__ Sloping 
__ Shoring 
__ Trench box 
__ Barricades 
__ Competent person 
__ Locate buried utilities 
__ Daily inspections 

Fire Protection 
__ Fire extinguishers 
__ Fire watch 
__ Non-spark tools 
__ Grounding/bonding 
__ Intrinsically safe 
equipment 
 

Electrical 
__ Lockout/tagout 
__ Grounded 
__ Panels covered 
__ GFCI/extension cords 
__ Power tools/cord 
inspected 

Fall Protection 
__ Harness/lanyards 
__ Adequate anchorage  
__ Guardrail system 
__ Covered opening 
__ Fixed barricades 
__ Warning system 

Air Monitoring 
__ PID/FID 
__ Detector tubes 
__ Radiation 
__ Personnel sampling 
__ LEL/O2 
__ Other 

Proper Equipment 
__ Aerial 
lift/ladders/scaffolds 
__ Forklift/heavy equipment  
__ Backup alarms 
__ Hand/power tools 
__ Crane with current 
inspection 
__ Proper rigging 
__ Operator qualified 

Welding & Cutting 
__ Cylinders 
secured/capped 
__ Cylinders 
separated/upright 
__ Flash-back arrestors 
__ No cylinders in CSE 
__ Flame retardant 
clothing 
__ Appropriate goggles 

Confined Space Entry 
__ Isolation 
__ Air monitoring 
__ Trained personnel 
__ Permit completed 
__ Rescue 

Medical/ER 
__ First-aid kit 
__ Eye wash 
__ FA-CPR trained 

personnel 
__ Route to hospital  

Heat/Cold Stress 
__ Work/rest regime 
__ Rest area 
__ Liquids available 
__ Monitoring 
__ Training 

 Vehicle/Traffic 
__ Traffic control 
__ Barricades 
__ Flags 
__ Signs 

Permits 
__ Hot work 
__ Confined space 
__ Lockout/tagout 
__ Excavation 
__ Demolition 
__ Energized work 

Demolition 
__ Pre-demolition survey 
__ Structure condition 
__ Isolate area/utilities 
__ Competent person 
__ Hazmat present 

Inspections: 
__ Ladders/aerial lifts 
__ Lanyards/harness 
__ Scaffolds 
__ Heavy equipment 
__ Cranes and rigging 

Training: 
__ Hazwaste 
__ Construction 
__ Competent person 
__ Task-specific (THA) 
__ Hazcom 

Field 
Notes:_______________________________________________________________________________  
_____________________________________________________________________________________
_____________________________________________________________________________________ 

Name (Print): _________________________________ 
Signature: _________________________________       Date:__________________ 
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Incident Report Form (Hardcopy) 

Fax completed form to:  
425.462.5957 
CH2M HILL Seattle Office 
Attention:  Corporate HS&E Department  
Type of Incident (Select at least one)

  Injury/Illness   Property Damage   Spill/Release 
  Environmental/Permit Issue   Near Miss   Other 

 
General Information (Complete for incident types) 
Preparer’s Name:  _______________________________________  Preparer’s Employee Number:  __________________ 
Date of Report:  ___________________  Date of Incident:  _________________  Time of Incident:  ___________  am/pm 
 
Type of Activity (Provide activity being performed that resulted in the incident) 

  Asbestos Work   Excavation Trench-Hazwaste   Other (Specify)  
_________________________   Confined Space Entry   Excavation Trench-Non Haz 

  Construction Mgmt- Hazwaste   Facility Walk Through   Process Safety Management 
  Construction Mgmt - Non-

Hazwaste 
  General Office Work   Tunneling 
  Keyboard Work   Welding 

  Demolition   Laboratory   Wetlands Survey 
  Drilling-Hazwaste   Lead Abatement   Working from Heights 
  Drilling-Non Hazwaste   Motor Vehicle Operation   Working in Roadways 
  Drum Handling   Moving Heavy Object   WWTP Operation 
  Electrical Work  

 
Location of Incident (Select one) 

  Company Premises (CH2M HILL Office:  _________________________) 
  Field  (Project #:  ________________  Project/Site Name:  _________________  Client:  _______________) 
  In Transit  (Traveling from:  _______________________  Traveling to:  _____________________________) 
  At Home 

 
Geographic Location of Incident (Select region where the incident occurred) 

  Northeast   Southwest   Asia Pacific 
  Southeast   Corporate   Europe Middle East 
  Northwest   Canadian   Latin America 

 
If a CH2M HILL subcontractor was involved in the incident, provide their company name and phone number:  
__________________________________________________________________________________________________ 
 
Describe the Incident (Provide a brief description of the incident):  
_____________________________________________ 
__________________________________________________________________________________________________ 
__________________________________________________________________________________________________ 
 
Injured Employee Data (Complete for Injury/Illness incidents only) 
 

If CH2M HILL employee injured 
Employee Name:  _________________________________________  Employee Number: __________________ 
 



 

If CH2M HILL Subcontractor employee injured 
Employee Name:  __________________________  Company:  ____________________________________ 
Injury Type 

  Allergic Reaction 
  Amputation 
  Asphyxia 
  Bruise/Contusion/Abrasion 
  Burn (Chemical)  
  Burn/Scald (Heat) 
  Cancer 
  Carpal Tunnel 
  Concussion 
  Cut/Laceration 
  Dermatitis 
  Dislocation 

  Electric Shock 
  Foreign Body in eye 
  Fracture 
  Freezing/Frost Bite 
  Headache 
  Hearing Loss 
  Heat Exhaustion 
  Hernia 
  Infection 
  Irritation to eye 
  Ligament Damage 

 

  Multiple (Specify) 
_________________________ 

  Muscle Spasms 
  Other (Specify)  

_________________________ 
  Poisoning (Systemic) 
  Puncture 
  Radiation Effects 
  Strain/Sprain 
  Tendonitis 
  Wrist Pain 

Part of Body Injured  
  Abdomen 
  Ankle(s)  
  Arms (Multiple) 
  Back 
  Blood 
  Body System 
  Buttocks 
  Chest/Ribs 
  Ear(s) 
  Elbow(s) 
  Eye(s) 
  Face 
  Finger(s) 
  Foot/Feet 

  Hand(s) 
  Head 
  Hip(s) 
  Kidney 
  Knee(s) 
  Leg(s) 
  Liver 
  Lower (arms) 
  Lower (legs) 
  Lung 
  Mind 

 
  Multiple (Specify) 

______________________ 

  Neck 
  Nervous System 
  Nose 
  Other (Specify)  

______________________ 
  Reproductive System 
  Shoulder(s) 
  Throat 
  Toe(s) 
  Upper Arm(s) 
  Upper Leg(s) 
  Wrist(s) 

 
Nature of Injury 

  Absorption 
  Bite/Sting/Scratch 
  Cardio-Vascular/Respiratory 

System Failure 
  Caught In or Between 
  Fall (From Elevation) 
  Fall (Same Level) 
  Ingestion 

  Inhalation 
  Lifting 
  Mental Stress 
  Motor Vehicle Accident 
  Multiple (Specify) 

_________________________ 
  Other (Specify) 

_________________________ 

  Overexertion 
  Repeated Motion/Pressure 
  Rubbed/Abraded 
  Shock 
  Struck Against 
  Struck By 

  Work Place Violence 
 
Initial Diagnosis/Treatment Date: ______________ 

Type of Treatment 
  Admission to hospital/medical facility 
  Application of bandages 
  Cold/Heat Compression/Multiple Treatment 
  Cold/Heat Compression/One Treatment 
  First Degree Burn Treatment 
  Heat Therapy/Multiple treatment 
  Multiple (Specify) ________________________________ 
  Heat Therapy/One Treatment 
  Non-Prescriptive medicine 
  None 
  Observation 
  Other (Specify) __________________________________ 
  Prescription- Multiple dose 

  Prescription- Single dose 
  Removal of foreign bodies 
  Skin Removal 
  Soaking therapy- Multiple Treatment 
  Soaking Therapy- One Treatment 
  Stitches/Sutures 
  Tetanus 
  Treatment for infection 
  Treatment of 2nd /3rd degree burns 
  Use of Antiseptics – multiple treatment 
  Use of Antiseptics – single treatment 
  Whirlpool bath therapy/multiple treatment 
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  Whirlpool therapy/single treatment 
  X-rays negative 

  X-rays positive/treatment of fracture 

Number of days doctor required employee to be off work:   _________ 

Number of days doctor restricted employee’s work activity: _________ 
Equipment Malfunction : Yes      No                     Activity was a Routine Task:   Yes   No  
Describe how you may have prevented this injury: _________________________________________________________ 
__________________________________________________________________________________________________ 
 
Physician Information  Hospital Information 
Name:     _____________________________________ Name:   ________________________________ 
Address:  _____________________________________ Address:  ______________________________ 
City:         _____________________________________ City:         _______________________________  
Zip Code:  ____________________________________ Zip Code:  ______________________________ 
Phone:       _____________________________________ Phone:       ______________________________ 
 
Property Damage  (Complete for Property Damage incidents only) 

Property Damaged:  __________________________________________  Property Owner:  ________________________ 
Damage Description:  ________________________________________________________________________________ 
Estimated Amount:  $  _____________________ 
 
Spill or Release  (Complete for Spill/Release incidents only) 

Substance (attach MSDS):  ________________________________________  Estimated Quantity:  __________________ 
Facility Name, Address, Phone No.:  ____________________________________________________________________ 
Did the spill/release move off the property where work was performed?:  
________________________________________ 
Spill/Release From:  __________________________________  Spill/Release To:  ________________________________ 
 
Environmental/Permit Issue  (Complete for Environmental/Permit Issue incidents only) 

Describe Environmental or Permit Issue:  _________________________________________________________________ 
Permit Type:  _______________________________________________________________________________________ 
Permitted Level or Criteria (e.g., discharge limit):  __________________________________________________________ 
Permit Name and Number (e.g., NPDES No. ST1234):  
______________________________________________________ 
Substance and Estimated Quantity:  _____________________________________________________________________ 
Duration of Permit Exceedance:  ________________________________________________________________________ 
 
Verbal Notification (Complete for incident types)(Provide names, dates and times) 

CH2M HILL Personnel Notified: _______________________________________________________________________ 
Client Notified:  _____________________________________________________________________________________ 
 
Witnesses (Complete for incident types) 

Witness Information (First Witness) 
Name: _______________________________________ 
Employee Number (CH2M HILL):_________________ 
Address: ______________________________________ 
City: _________________________________________ 
Zip Code _____________________________________ 
Phone:________________________________________  

Witness Information (Second Witness) 
Name: ______________________________________ 
Employee Number (CH2M HILL): ________________ 
Address: ____________________________________ 
City: _______________________________________ 
Zip Code:___________________________________ 
Phone :_____________________________________ 

 
Additional Comments: _______________________________________________________________________________ 
_________________________________________________________________________________________________ 

_________________________________________________________________________________________________ 
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Safe Work Observation Form 

Project: Observer: Date: 
 
Position/Title of 
worker observed:  

Background Information/ 
comments: 

 

 Task/Observation 
Observed:  

 Identify and reinforce safe work practices/behaviors 
 Identify and improve on at-risk practices/acts 
 Identify and improve on practices, conditions, controls, and compliance that eliminate or reduce hazards 
 Proactive PM support facilitates eliminating/reducing hazards (do you have what you need?) 
 Positive, corrective, cooperative, collaborative feedback/recommendations 

Actions & Behaviors Safe 
At-

Risk Observations/Comments 

Current & accurate Pre-Task 
Planning/Briefing (Project safety 
plan, STAC, AHA, PTSP, tailgate 
briefing, etc., as needed) 

  

Properly 
trained/qualified/experienced 

  

Tools/equipment available and 
adequate 

  

Positive Observations/Safe Work Practices: 

Proper use of tools   

Barricades/work zone control   

Housekeeping   

Communication   

Work Approach/Habits   

Attitude   

Questionable Activity/Unsafe Condition Observed: 

Focus/attentiveness   

Pace   

Uncomfortable/unsafe position   

Inconvenient/unsafe location   

Position/Line of fire   

Apparel (hair, loose clothing, 
jewelry) 

  

Observer’s Corrective Actions/Comments: 

Repetitive motion   

Other…   

Observed Worker’s Corrective Actions/Comments: 
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Incident & Near-Loss Investigation Report Form 
 
Employer Information 
 
Company Name: _____________________________________________________________________________ 
 
Project Name: _________________________________________________ Task Order: ___________________ 
 
Project Location: _____________________________________________________________________________ 
 
Task Location: _______________________________________________________________________________  
 
Job Assignment: ____________________________________________________________________________  
 
Preparer’s Name: _______________________________ Preparer’s Employee Number: _________________ 
 
 Incident Specific Information 
 
Date of Incident: ____________________ Time of Incident: ____________________ A.M./P.M.  
 
Location of incident: 
 

Company premises 
Field  
In Transit  
Other:_____________________________ 

 
Address where the incident occurred: _________________________________________________________ 
 
Equipment Malfunction : Yes  No  
Activity was a Routine Task: Yes  No  
 
Describe any property damage: 
___________________________________________________________________ 
 
Specific activity the employee was engaged in when the incident occurred: 
_________________________________________________________________________________________ 
_________________________________________________________________________________________ 
All equipment, materials, or chemicals the employee was using when the incident occurred: 
____________________________________________________________________________________________ 
____________________________________________________________________________________________ 
 
Describe the specific incident and how it occurred: 
____________________________________________________________________________________________ 
____________________________________________________________________________________________
____________________________________________________________________________________________
____________________________________________________________________________________________
____________________________________________________________________________________________ 
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Describe how this incident may have been prevented:  
_________________________________________________________________________________________
_________________________________________________________________________________________
_________________________________________________________________________________________
_________________________________________________________________________________________
_________________________________________________________________________________________ 
 
Contributing Factors (Describe in detail why incident occurred): 
_________________________________________________________________________________________
_________________________________________________________________________________________
_________________________________________________________________________________________
_________________________________________________________________________________________
_________________________________________________________________________________________ 
 
Date employer notified of incident: ___________________ To whom reported: 
__________________________________ 
  
 
Witness Information (First Witness) 
 
Name: __________________________________________ 
Employee Number_________________________________ 
Address:________________________________________  
City: ____________________________________________ 
Zip Code : _______________________________________ 
Phone: __________________________________________ 
 
Witness Information (Second Witness) 
 
Name: __________________________________________ 
Employee Number_________________________________ 
Address:_________________________________________  
City: ____________________________________________ 
Zip Code : _______________________________________ 
Phone: __________________________________________ 
 
Additional information or 
comments:__________________________________________________________________________________ 
____________________________________________________________________________________________
____________________________________________________________________________________________ 
 
 
 
A ROOT CAUSE ANALYSIS FORM MUST BE COMPLETED FOR ALL INJURIES AND ILLNESSES OR 
ACTUAL LOSSES. 
 
COMPLETION OF THE ROOT CAUSE ANALYSIS FORM FOR NEAR LOSSES IS OPTIONAL, AT THE 
DISCRETION OF THE HEALTH AND SAFETY MANAGER. 
 



 

DRAFT FINAL 

Root Cause Investigation 
This attachment is provided to assist in accessing, completing, and reviewing an incident investigation. It is important to 
remember the following when conducting an investigation: 

• Gather relevant facts, focusing on fact-finding, not fault-finding. 
• Draw conclusions, pitting facts together into a probable scenario. 
• Determine incident root causes, the basic causes why an unsafe act/condition existed. 
• Develop and implement solutions, matching all identified root causes with solutions.  

Documentation 

The following should be included to document the incident. 

Description 

Provide a description of the event and the sequence of events and actions that took place prior to the incident. Start with the 
incident event and work backwards in time through all of the preceding events that directly contributed to the incident. The 
information should identify why the event took place as well as who was involved, when and where the event took place, and 
what actions were taken. 

Cause Analysis 

Using the form and flowchart in Attachment 1 the root cause of the incident will be determined. This form must be retained in 
the project and/or regional HS&E files. 

Immediate Causes—List the substandard actions or conditions that directly affected the incident. The following are examples of 
immediate causes:  

Substandard Actions: Operating equipment without authority; failure to warn; failure to secure; operating at improper 
speed; making safety device inoperable; using defective equipment; failing to use PPE; improper loading; improper 
lifting; improper position for task; under influence of alcohol or drugs; horseplay. 

Substandard Conditions: Exposure to hazardous materials; exposure to extreme temperatures; improper lighting; 
improper ventilation; congestion; exposure to fire and explosive hazard; defective tools, equipment or materials; 
exposure to extreme noise; poor ventilation; poor visibility; poor housekeeping. 

Basic Causes—List the personal and job factors that caused the incident. The following are examples of basic causes: 

Personal Factors: Capability; knowledge; skill; stress; motivation. 

Job Factors: Abuse or misuse; engineering; maintenance; purchasing; supervision; tools and equipment; wear and tear; 
work standards. 

Corrective Action Plan 

Include all corrective actions taken or those that should be taken to prevent recurrence of the incident. Include the specific 
actions to be taken, the employer and personnel responsible for implementing the actions, and a time frame for completion. Be 
sure the corrective actions address the causes. For example, training may prevent recurrence of an incident caused by a lack of 
knowledge, but it may not help an incident caused by improper motivation.  

The following are examples of management programs that may be used to control future incidents. These programs should be 
considered when determining specific corrective actions. 

Management Programs: Accident/incident analysis; emergency preparedness; engineering controls; general 
promotion; group meetings; health control; hiring and placement; leadership and administration; management 
training; organizational rules; personal protective equipment; planned inspections; program audits; program controls; 
purchasing controls; task analysis and procedures; task observation. 



 

Root Cause Analysis Form 

Root Cause Analysis (RCA) 

Root Cause Categories (RCC): In the first column, enter the appropriate RCC from the choices below that 
applies to the root cause (RC) and/or contributing factor (CF) of the incident. Describe the specific root 
cause and corrective actions in their respective columns. 

1. Lack of skill or knowledge 
2. Lack of or inadequate operational procedures or work standards 
3. Inadequate communication of expectations regarding procedures or work standards 
4. Inadequate tools or equipment 
5. Correct way takes more time and/or requires more effort 
6. Shortcutting standard procedures is positively reinforced or tolerated 
7. Person thinks there is no personal benefit to always doing the job according to standards 
 

RCC 
# Root Causes Corrective Actions RC1 CF2 

Due 
Date 

Completion 
Date 

Date 
Verified 

        

        

        

        

1 RC = Root Cause  2CF = Contributing Factors (check which applies) 

Investigation Team Members 

Name Job Title Date 

   

   

   

Results of Solution Verification and Validation 

 

 

 

Reviewed By 

Name Job Title Date 

   

DRAFT FINAL 



 

DRAFT FINAL 

Attachment 10 
Biological Hazards and Controls 



 

Tick-Borne Pathogens 
There are 6 notifiable tick-borne pathogens that present a significant field hazard, and in 
some areas account for more than half of our serious field incidents. These procedures 
should be applied during any field activity—even in areas that are predominantly paved 
but with bordering vegetation.  

Hazard Control 
The methods for controlling exposure to ticks include, in order of most-preferred to least: 

• Avoid tick habitats and ceasing operations in heavily infested areas. 
• Reduce tick abundance through habitat disruption or application of acracide. 
• Use personal protection, such as repellants and protective clothing. 
• Perform frequent tick inspections and proper hygiene. 

Vaccinations are not available and preventative antibiotic treatment after a bite is generally 
not recommended. 

Avoidance and Reduction of Ticks 
To the extent practical, tick habitats should be avoided. In areas with significant tick 
infestation, consider stopping work and withdrawing from area until adequate tick 
population control can be achieved. Stopping and withdrawing should be considered as 
seriously as entering an area without proper energy control or with elevated airborne 
contaminants. Tickborne pathogens present risk of serious illness! In areas where significant 
population density or infestation exists, tick reduction should be considered. Tick reduction 
can be achieved by disrupting tick habitats and direct population reduction through the use of 
tick-toxic pesticides (Damminix, Dursban, Sevin, etc.). 

Habitat disruption may include only simple vegetative maintenance such as removing leaf 
litter and trimming grass and brush. Tick populations can be reduced between 72 and 100% 
when leaf litter alone is removed. In more heavily infested areas, habitat disruption may 
include grubbing, tree trimming or removal, and pesticide application (Damminix, Dursban, 
Sevin, etc.). This approach is practical in smaller, localized areas or perimeter areas that require 
occasional access. Habitat controls are to be implemented with appropriate health and safety 
controls, in compliance with applicable environmental requirements, and may be best left to 
the property owner or tenant, or licensed pesticide vendor. Caution should be exercised when 
using chemical repellents or pesticides in or around areas where environmental or industrial 
media samples will be collected for analysis. 

Personal Protection 
After other prevention and controls are implemented, personal protection is still necessary 
in controlling exposure to ticks. Personal protection must include of the following steps: 

• So that ticks may be seen on your clothing wear light-colored clothing. Full-body New 
Tyvek (paper-like disposable coveralls) may also be used. 

• To prevent ticks from getting underneath clothing tuck pants into socks or tape to boots. 

• Wear long-sleeved shirts, a hat, and high boots. 

• Apply DEET repellent to exposed skin or clothing per product label. 
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• Apply permethrin repellent per product label to the outside of boots and clothing before 
donning. 

• Frequently check for ticks and remove from clothing. 

• At the end of the day search your entire body for ticks (particularly groin, armpits, neck 
and head) and shower. 

• To prevent pathogen transmission through mucous membranes or broken/cut skin, wash 
or disinfect hands and/or wear surgical-style nitrile gloves anytime ticks are handled. 

Pregnant individuals and individuals using prescription medications should consult with 
their physician and/or pharmacists before using chemical repellents. Because human health 
effects may not be fully known, use of chemical repellents should be kept to a minimum 
frequency and quantity. Always follow manufacturers’ use instructions and precautions. 
Wash hands after handling, applying, or removing protective gear and clothing. Avoid 
hand-to-face contact, eating, drinking, smoking, etc. when applying or using repellents. 
Remove and wash clothes per repellent product label. Chemical repellents should not be 
used on infants and children. 

Vaccinations are generally not available for tick-borne pathogens. Although production of 
the LYMErix™ lyme disease vaccination has been ceased, vaccination may still be 
considered under specific circumstances and with concurrence from the consulting 
physician. Preventative antibiotic treatment in non-ill individuals who have had a recent 
tick bite is recommended in specific cases only. 

Tick Removal 
1. Use fine-tipped tweezers or shield your fingers with a tissue, paper towel, or nitrile gloves. 

2. Grasp the tick as close to the skin surface as possible and pull upward with steady, even 
pressure. Do not twist or jerk the tick; this 
may cause the mouthparts to break off and 
remain in the skin. (If this happens, remove 
mouthparts with tweezers. Consult your 
healthcare provider if infection occurs.) 

3. Do not squeeze, crush, or puncture the body of the tick because its fluids (saliva, 
hemolymph, gut contents) may contain infectious organisms. Releasing these organisms 
to the outside of the tick’s body or into the bite area may increase the chance of 
infectious organism transmission. 

4. Do not handle the tick with bare hands because infectious agents may enter through 
mucous membranes or breaks in the skin. This precaution is particularly directed to 
individuals who remove ticks from domestic animals with unprotected fingers. 
Children, elderly persons, and immunocompromised persons may be at greater risk of 
infection and should avoid this procedure.  

5. After removing the tick, thoroughly disinfect the bite site and wash your hands with 
soap and water. 

6. You may wish to save the tick for identification in case you become ill. Your doctor can 
use the information to assist in making an accurate diagnosis. Place the tick in a plastic 
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bag and put it in your freezer. Write the date of the bite on a piece of paper with a pencil 
and place it in the bag.  

Note: Folklore remedies such as petroleum jelly or hot matches do little to encourage a tick to 
detach from skin. In fact, they may make matters worse by irritating the tick and stimulating it 
to release additional saliva, increasing the chances of transmitting the pathogen. These 
methods of tick removal should be avoided. In addition, a number of tick removal devices 
have been marketed, but none are better than a plain set of fine tipped tweezers.  

First-Aid and Medical Treatment 
Tick bites should always be treated with first-aid. Clean and wash hands and disinfect the 
bite site after removing embedded tick. Consult a healthcare professional if infection or 
symptoms and effects of tick-borne illnesses are develop. 

Medical treatment for tick-borne infections include antibiotics and other medical 
interventions. Diagnosis of specific illness involves both clinical and laboratory 
confirmations. Preventative antibiotic treatment in non-ill individuals who have had a 
recent tick bite is recommended in specific cases only.  

Previously infected individuals are not conferred immunity – re-infection from future tick 
bites can occur even after a person has contracted a tick-borne disease. 

Hazard Recognition 
An important step in controlling tick related hazards is understanding how to identify ticks, 
their habitats, their geographical locations, and signs & symptoms of tick-borne illnesses. 

Tick Identification 
There are five varieties of hard-bodied ticks that have been associated with tick-borne 
pathogens. These tick varieties include: 

• Deer (Black Legged) Tick (eastern and pacific varieties) 
• Lone Star Tick 
• Dog Tick 
• Rocky Mountain Wood Tick 

These varieties and their geographical locations are illustrated on the following page. 

Tick Habitat 
In eastern states, ticks are associated with deciduous forest and habitat containing leaf litter. 
Leaf litter provides a moist cover from wind, snow, and other elements. In the north-central 
states, is generally found in heavily wooded areas often surrounded by broad tracts of land 
cleared for agriculture. On the Pacific Coast, the bacteria are transmitted to humans by the 
western black-legged (deer) tick and habitats are more diverse. Here, ticks have been found 
in habitats with forest, north coastal scrub, high brush, and open grasslands. Coastal tick 
populations thrive in areas of high rainfall, but ticks are also found at inland locations. 
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Illnesses and Signs & Symptoms 
There are six notifiable tick-borne pathogens that cause human illness in the United States. 
These pathogens may be transmitted during a tick bite – normally hours after attachment. 
The illnesses, presented in approximate order of most common to least, include: 

• Lyme (bacteria) 
• RMSF (bacteria) 
• Ehrlichiosis (bacteria) 
• STARI (Southern Tick-Associated Rash Illness) (bacteria) 
• Tularemia (Rabbit Fever) (bacteria) 
• Babesia (protozoan parasite) 

Symptoms will vary based on the illness, and may develop in infected individuals typically 
between 3 and 30 days after transmission. Some infected individuals will not become ill or 
may develop only mild symptoms. These illnesses present with some or all of the following 
signs & symptoms: fever, headache, muscle aches, stiff neck, joint aches, nausea, vomiting, 
abdominal pain, diarrhea, malaise, weakness, small solid, ring-like, or spotted rashes. The 
bite site may be red, swollen, or develop ulceration or lesions. A variety of long-term 
symptoms may result when untreated, including debilitating effects and death. 

Poison Oak, Ivy and Sumac 
Poison oak, ivy and sumac plants are the single most common cause of allergic skin reactions 
in the United States. They are caused by contact with urushiol, which is found in the sap of the 
plants. It is colorless or pale yellow oil that oozes from any cut or crushed part of the plant, 
including the roots, stems and leaves. The oil is active year round. Reaction to Poison Oak, Ivy, 
and Sumac ranges from no reaction to a severe “rhus” dermatitis. Rhus is the class of 
poisonous plants which includes poison oak, poison ivy, poison sumac, mango, and other 
urushiol containing plants. 3 of 4 people will develop dermatitis on contact with urushiol. 

Contact with urushiol can occur in three ways: direct, indirect and airborne particles. Direct 
contact is touching the sap of the toxic plant, while indirect contact involves touching 
something which has urushiol on it, such as personal protective equipment (PPE), clothes, 
boots, field equipment, or any items that have come in contact with the plant (including 
your hands). Airborne urushiol particles, such as burning plants or spray from a weed 
whacker, may also contact the skin or be inhaled, causing internal inflammation. 

The rash caused by urushiol can affect almost any part of the body, especially where the 
skin is thin, such as the face. The rash does not spread, although it may seem to when it 
breaks out in new areas. Actually, what happens is the urushiol absorbs more slowly into 
thicker skin, such as found on the forearms, legs and trunk. 

Identification 

Poison Oak 
Poison oak shrubs are usually 12 to 30 in chest high, or a tree-climbing vine, with triple 
leaflets and short, smooth hair underneath. A project site in Portland had 8-foot-tall poison 
oak bushes. Early berries are fuzzy and white; later, dun-colored. Plants are red and dark 
green in Spring and Summer, with yellowing leaves anytime especially in dry areas. Leaves 
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may achieve bright reds in Fall, but the plant loses its (yellowed, then brown) leaves in 
Winter, leaving toxic stems. All parts of the plant remain toxic throughout the seasons.  
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Deer Tick Distribution of Deer Tick (dark green) 

Distribution of Pacific Deer Tick (dark green) 
From Left: adult female, adult male, 

nymph, and larvae Deer Tick (cm scale) 

Lone Star Tick Distribution of Lone Star Tick (Green) 

Dog Tick 

Rocky Mountain Wood Tick 



 

Poison Ivy 

Poison ivy plants are frequently found around lakes and streams in the Midwestern and the 
Eastern parts of the United States and are commonly found growing along trails and 
roadsides. Poison ivy grows as a woody, ropelike vine that can grow along fences or up 
trees, a trailing shrub on the ground, or a free-standing shrub. It normally has three leaflets 
(groups of leaves on the same small stem coming off the larger main stem), but may vary 
from groups of three to nine. Poison ivy leaves are green in the summer and red in the fall 
with yellow or green flowers and white berries. 

Poison Sumac 

Poison sumac plants grow in boggy areas, especially in the Southeastern U.S.. Typically, 
poison sumac grows as a rangy shrub up to 15 feet tall. The plants are found to have seven to 
13 smooth-edged leaflets and can have glossy pale yellow or cream-colored berries. 

Primary contamination from poison oak, ivy or sumac, results from contact with bruised or 
broken plant parts that release ”toxicodendrol,” an oily resin containing the toxic chemical 
“urushiol.” 

 
Poison Ivy Poison Sumac Poison Oak 

Exposure 
Contamination with poison oak, ivy or sumac can happen through several pathways. These 
include 

• Direct skin contact with any part of the plant 
• Contact with clothing that has been contaminated 
• Contact from removing shoes that have been contaminated (shoes have become coated 

with oil) 
• Sitting in a vehicle that has become contaminated 
• Contact with any objects or tools that have become contaminated 

Exposure to poison oak, ivy or sumac often becomes an OSHA recordable illness. The 
dermatitis is so severe that many people seek medical care and get prescription cortisone 
creams or steroid shots to reduce the suffering caused by the itch. If exposed, refer to the 
CH2M HILL HSE&Q Injury and Illness Reporting brochure for proper action to take if 
contaminated. 
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Best Work Practices 
If you must work on a site that has been identified to potentially contain poison oak, ivy or 
sumac, the following precautions are necessary: 

• Identify plants containing urushiol – The best way to prevent exposure is to recognize 
the plant and avoid working in areas where poison oak, ivy or sumac is present. 

• If you must work in areas with urushiol containing plants, contact you project manager 
and health and safety manager to determine the best procedures to prevent 
contamination. 

• Do not drive vehicles onto the site where it will come into contact with poison oak, ivy 
or sumac. Vehicles which need to work in the area, such as drill rigs or heavy equipment 
must be washed and decontaminated as soon as possible after leaving the site. 

• All tools used in the area, including those used to cut back the plants, surveying 
instruments used in the area, air monitoring equipment or other test apparatus must be 
decontaminated before they are placed back into the site vehicle. If on-site 
decontamination is not possible, use plastic to wrap any tools or equipment until they 
can be decontaminated. If working on or near the ground surface, place plastic on the 
ground to cover the grass and foliage. 

• Personal protective equipment (PPE), including Tyvek® coveralls, gloves, and boot 
covers must be worn. PPE and plastic used to cover the ground must be placed into 
separate plastic bags and sealed if they are not disposed immediately into a trash 
receptacle. 

• Shower as soon as possible to remove any potential contamination. Any body part with 
suspected or actual exposure should be washed with “Tecnu” or other product designed 
for removing urushiol. If you do not have Tecnu wash with cold water. Do not take a 
bath, as the oils can form and invisible film on top of the water and contaminate your 
entire body upon exiting the bath. 

• Zanfel™ may also be used to treat exposed areas that are experiencing signs and 
symptoms of poison oak, ivy or sumac contamination. The CH2M HILL warehouses 
carry Zanfel™ products, which must be carried in First Aid Kits as deemed appropriate. 
Refer to the Zanfel™ information guide below for specific product and contact 
information. 

• Use products such as IvyBlockTM to prevent poison oak, ivy and sumac contamination. 
IvyBlockTM is approved by the FDA to prevent the rash caused by poison oak, ivy and 
sumac. 

If there is exposure use the following first aid procedures, or others you may find to 
alleviate the pain and itching. 
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Poison Oak, Ivy, and Sumac First Aid 

 

 

 

 

 

 

 

Self-Care/First Aid 
• Wash (decontaminate) all affected areas with warm water and a strong soap.  
• Keep your hands away from your eyes, mouth and face.  
• Do not scratch or rub the rash.  
• Apply any of these to the skin rash:  
• Calamine (not Caladryl) lotion  
• ZanfelTM lotion 
• Zinc oxide ointment  
• Paste made with baking soda - mix 3 teaspoons of baking soda with 1 

teaspoon of water  
• Take an over-the-counter antihistamine such as Benadryl, as stated on the 

label 
If self-care/first aid measures don't bring relief, call your doctor.  
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Urushiol Plant Facts 

Fact  Myth 

 
Urushiol Oil is Potent  

Poison oak, ivy, and sumac 
are contagious 

Rubbing the rashes won't spread poison ivy to other parts of your body (or to another 
person). You spread the rash only if urushiol oil -- the sticky, resinlike substance 
that causes the rash -- has been left on your hands. 

You can catch poison ivy 
simply by being near the 
plants 

Direct contact is needed to release urushiol oil. Stay away from forest fires, direct 
burning, or anything else that can cause the oil to become airborne such as a 
lawnmower, trimmer, etc. 

Leaves of three, let them be Poison sumac has 7 to 13 leaves on a branch, although poison ivy and oak have 3 
leaves per cluster. 

Do not worry about dead 
plants 

Urushiol oil stays active on any surface, including dead plants, for up to 5 years. 

Breaking the blisters releases 
urushiol oil that can spread 

Not true. But your wounds can become infected and you may make the scarring 
worse. In very extreme cases, excessive fluid may need to be withdrawn by a doctor. 

• Only 1 nanogram (billionth of a gram) needed to cause rash.  
• Average is 100 nanograms for most people.  
• 1/4 ounce of urushiol is typically all that is needed to cause a rash in every person on 

earth.  
• 500 people could itch from the amount covering the head of a pin.  
• Specimens of urushiol several centuries old have found to cause dermatitis in sensitive 

people.  
• 1 to 5 years is normal for urushiol oil to stay active on any surface including dead plants.  
• Derived from urushi, Japanese name for lacquer . 
 
New Cream to Treat Exposure to Poison Plants  
Exposure to poison oak, ivy and sumac can be uncomfortable, and in some cases the rash 
can become so severe that medical care is required. A new product is available Zanfel™ 
(www.zanfel.com) that helps prevent blistering and itching from becoming severe. If you 
are working in an area with poison oak, ivy or sumac, you can obtain this cream by 
contacting your regional Safety Program Assistants: 

• SWR  Julie Yeager/SAC 
• NER  Lynn Bong/MKE 
• NWR Donita O’Brien/SEA 
• SER  Vanessa Wheelus/GNV 
• CNR  Donita O’Brien/SEA 

Please remember, the cream does not replace preventative measures, including: 

• Avoiding contact with poison oak, ivy and sumac. 
• Wearing Tyvek coveralls and gloves to prevent contact. 
• Washing with Tecnu® (or a similar product) after potential exposure. 
• Washing clothing and decontaminating equipment with an oil-cutting detergent. 
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More information about Zanfel (from Zanfel): 

Zanfel™ is an effective wash for urushiol-induced contact dermatitis. Urushiol is the toxin 
known to cause the itching and rash associated with poison oak, ivy, sumac, poisonwood, and 
related plants. Zanfel works by surrounding urushiol and bonding with it, thereby enabling it 
to be rinsed away. Unlike some products that require use within 10-20 minutes of contact or 
that required continued use until the rash is gone (which can take up to 5 weeks), Zanfel offers 
relief at any stages of the reaction and often with only one wash. Individuals with particularly 
severe reactions may require additional washes. Most individuals experience relief from the 
itching within 30 seconds of application. The rash will begin to subside within hours if the 
reaction is mild to moderate. Severe and systemic cases will still require medical attention. 
Severe cases are defined as breakouts that are present on more than 15 percent of the body, 
and new breakouts continue to develop after day 4. 

Brown Recluse Spider 

 
 
Adult brown recluse spiders have a leg span about the size of a quarter. Their body is about 
3/8 inches long and about 3/16 inches wide. Males are slightly smaller in body length than 
females, but males have proportionally longer legs. Both sexes are venomous. 

Recluse spiders have been known to habitat most of the lower 48 states; however the map 
shows its typical range. 

• If bitten stay calm, immediately apply ice to the bite and to try and collect the spider 
(even a mangled part of the spider might help a professional with a diagnosis) and go to 
the ER. 

• Shake out clothing and shoes before getting dressed.  

• Inspect bedding and towels before use.  

• Wear gloves when handling firewood, lumber, and rocks (be sure to inspect the gloves 
for spiders before putting them on).  

• Remove bedskirts and storage boxes from underneath beds. Move the bed away from 
the wall.  

• Exercise care when handling cardboard boxes (recluse spiders often are found in the 
space under folded cardboard flaps). 



 

Attachment 11 
Certified Industrial Hygienist Resume 
William M. Berlett Jr. 
Education 
MPH, Environment and Occupational Health - Industrial Hygiene, University of Illinois 
B.S., Meteorology, Western Illinois University 

Professional Registrations 
Illinois Dept. of Public Health, Illinois Licensed Asbestos Bldg. Inspector & Project Designer 

Illinois Environmental Protection Agency, Illinois Licensed Industrial Hygienist 

Distinguishing Qualifications 
• Occupational Health and Safety Management  
• Industrial Hygiene  
• Indoor Air Quality  
• Regulatory Compliance and Audits 

Relevant Experience 
William Berlett has 18 years of experience in providing occupational health, industrial 
hygiene and safety services in both technical and project management roles to a diverse 
group of employees/clients, including the EPA, DOE, DOD (Corps of Engineers, Army, Air 
Force), state agencies, municipalities, public works, utilities, oil and gas industries, 
petrochemical facilities, commercial offices, warehouses, recreational facilities, hospitals, 
educational facilities, and numerous manufacturing facilities (chemicals, electronics, 
automotive, food/beverages, pharmaceuticals, metals, scientific equipment, textiles, and 
household goods). Mr. Berlett has good interpersonal skills, and interacts well with 
management, professional and labor/trade employees and contractors – including project-
teaming assignments. 

Representative Projects 
Health and Safety Program, Honeywell Alliance Partnership. Currently managing the 
Health and Safety Program for the Honeywell Alliance Partnership. CH2M HILL currently 
has over 90 remedial project sites within the United States within this program that are in 
various stages of remediation. Specific responsibilities include formulating the overall 
health and safety framework for all work performed at these Honeywell sites, developing 
policies and procedures, developing site-specific Health and Safety Plans, developing and 
conducting training and chartering sessions, performing site compliance audits, assisting 
the client in updating and maintaining their website, performing contractor safety 
evaluations, and managing incident reporting web-based platforms for the alliance 
worklevels of work. 
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Experience prior to CH2M HILL 
Regulatory Compliance Audits, Various Clients. Conducted over 75 regulatory compliance 
audit projects for various manufacturing and industrial clients, including those in the 
petrochemical, pharmaceutical, chemical, and food/beverage industries. Audits include pre-
audit information gathering, walk-through surveys (including photo-documentation), 
employee interviews, and policies and records review. This is followed by preparation of 
draft/final reports of findings and recommended corrective measures. Cost estimates of 
corrective actions are provided. Attorney-client privileged documentation is often required. 
Has extensive experience in the preparation and technical review of occupational safety and 
health written programs. 

Industrial Hygiene/Indoor Air Quality Assessments, Industrial, Commercial and 
Residential Clients. Responsibilities include developing sampling strategy, collecting area 
and personal air samples, interpreting analytical data, determining regulatory compliance, 
writing reports, and project management. Conducted many building inspections for 
mold/biological concerns, developing appropriate sampling strategies and collecting the 
necessary air, bulk, and/or wipe samples, interpreting the data and developing practical, 
cost-effective remedial solutions that meet the clients needs. Co-authored SBC-Ameritech's 
Corporate-wide document entitled Mold Investigation and Remediation Guidelines. 

Health and Safety Plans, Various Clients. Developed hundreds of site-specific Health and 
Safety Plans for both internal and external clients involving a wide array of contaminants and 
site activities. Site locations and activity types have included UST removals, subsurface 
investigations, hazardous materials removal, unexploded ordinances identification, 
Brownfield redevelopment, sludge removal within rivers and lakes, remediation at hazardous 
waste sites, radiation sites, active petrochemical facilities, former military bases, etc. 

Asbestos Inspection Services, Commercial, Manufacturing, Utilities and Industrial 
Facilities. Field activities include reviewing plant or building blueprints, generating 
thorough sampling plans, and collecting samples. Office activities include project 
management, interpreting and compiling analytical data, and writing final reports. 

Training Sessions. Conducted over 1,000 training sessions within a wide variety of IH and 
Safety topics providing compliance with EPA, OSHA and DOT regulations.  

Health and Safety Management Systems. Managed and tracked the implementation of the 
firm-wide Health and Safety Management System for the GE&C Division of URS 
Corporation. Responsibilities included developing and providing OSHA/DOT/Internal 
Health & Safety training, performing office and field project audits, developing, reviewing, 
and approving site-specific health and safety plans, providing guidance to Regional 
Management on health and safety issues/risk management, reviewing health and safety 
legislation to determine impact on URS operations, participating in the Firmwide Health 
and Safety Advisory Committee, and conducting accident investigation and reporting. 
Currently, Mr. Berlett serves as an internal Regional H&S Manager for Central Division 
Region 4 that comprises of offices in Ohio, Michigan, Canada and Illinois. 

Certifications 
Certified Industrial Hygienist (CIH), American Board of Industrial Hygiene 
Certified Mold Consultant, American Indoor Air Quality Council 
USEPA – Asbestos Project Designer and Building Inspector  
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